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FEBRUARY,  1866. 

LIFE  AND  DEATH  IN  OUH  MINES. 

BY  JABEZ  HOGG,  E.L.S.,  M.R.C.S.,  ETC. 

Who  among  ns,  on  taking  np  a  newspaper  on  tie  morning  of 
tie  23rd  of  December,  1865,  could  read  the  harrowing  and 
heartrending  details  of  the  colliery  explosion  at  Merthyr 
Tydvil  without  a  shudder,  and  a  regret  that  as  yet,  with  all 
the  increasing  scientific  knowledge  of  the  day,  no  remedy  had 
been  suggested,  no  means  taken  to  effectually  guard  against 
results  of  fire-damp  in  mines  ?  Thirty-four  human  beings 
killed,  and  nearly  as  many  more  injured,  in  this  one  fatal  explo¬ 
sion.  It  would  be  well  if  such  calamitous  incidents  secured  the 
attention  of  the  public  to  the  deplorable  fact  that  the  sacrifice 
of  the  very  large  number  of  1644  human  beings,  in  the  full 
enjoyment  of  life,  is  called  for  annually  in  our  coal-mines,  and 
arises,  as  I  shall  presently  show,  in  the  generality  of  cases, 
from  preventible  causes ,  and  of  these  no  less  than  365,  or  one 
per  diem,  is  offered  up  to  that  dread  spirit  of  destruction, 
fire-damp  ;  for  it  has  been  positively  determined  by  Mr.  Holland 
that  the  deaths  from  this  deleterious  gas  alone  average  one  for 
each  day  in  the  year. 

The  census  of  1861  gave  282,474  males  as  employed  in 
coal-mines ;  of  these,  one  in  355  annually  meets  with  death  by 
accident  of  some  sort ;  and  during  the  year  1 864,  one  life  was 
lost  in  raising  every  109,715  tons  of  coal  from  the  pit.  It  is 
true  that  coal  must  be  had,  or  the  industry  of  this  nation  would 
soon  be  paralyzed ;  but  must  we  necessarily  pay  for  it  by  the 
annual  sacrifice  of  1644  hale  and  hearty  fellows  ?  Has  science 
no  remedy  to  offer  us  that  shall  be  effective  in  warding  off  a 
spirit  of  evil  so  dreaded  as  either  fire  or  choke-damp  ?  This 
is,  indeed,  both  a  serious  and  momentous  question.  Before  an 
answer  is  attempted,  we  must  not  lose  sight  of  this  important 
fact,  that  as  long  as  miners  are  obliged  to  employ  a  lamp,  or 
use  a  flame  of  any  kind,  to  illuminate  the  dark  cavern  in  which 
they  work,  surrounded  by  a  dangerous  and  ever-accumulating 
gas,  which  may  at  any  moment  be  ignited  and  exploded,  so 
long  will  they  be  exposed  and  subjected  to  the  fearful  horrors 
attending  an  explosion;  and  as  long  as  there  is  u  fire-damp 
YOL.  IX. — NO.  I.  B 
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below  ,”  is  there  a  risk  that  some  one  act  of  stupidity  or  care¬ 
lessness  on  the  part  of  a  miner  will  occasion  a  wholesale 
slaughter,  of  it  may  be  some  hundreds,  of  human  beings ;  and 
so  long  will  the  public  mind  be  periodically  shocked  by  the 
ever-recurring  announcement  of  “Another  colliery  explosion , 
with  fearful  loss  of  life ,  in  the  ‘  Red-dess’  mine.” 

One  morning,  a  year  or  two  ago,  we  were  shocked  by 
reading  of  the  Risca  explosion,  with  the  loss  of  145  lives  at 
one  fell  swoop.  A  still  shorter  time  back,  in  the  model  Tre¬ 
degar  mine,  noted  for  the  careful  management  displayed  in  its 
working,  “  a  long,  rumbling  sound”  told  of  twenty-six  black¬ 
ened  corpses  lying  in  a  heap,  and  many  more  half  dead,  awaiting 
some  daring  spirit  to  save  them  from  the  twin  destroyer,  choice- 
damp.  It  subsequently  appeared  that  the  colliery  had  been 
carefully  examined  only  that  very  morning,  and  the  ordinary 
means  taken  to  test  the  presence  of  fire-damp ;  some  of  the 
inflammable  air  was  found  in  a  cross-heading  in  the  back- 
workings,”  but  as  there  was  no  grea?  quantity  detected,  the 
“fireman”  thought  it  a  sufficient  precaution  to  put  up  a  “  danger 
signal ”  whatever  that  may  mean ;  which  it  appears  was  so 
little  regarded  that  the  men  quickly  followed  to  their  usual 
work  with  naked  lights.  This  seems  to  have  been  ordinarily 
permitted  even  in  this  model  mine  ;  so  little  are  the  wrorkmen 
dismayed  by  a  “  danger  signal ,”  or  rather,  so  much  accus¬ 
tomed  are  they  to  the  dangers  of  their  daily  employment  that 
they  become  heedless  of  them ;  and  so,  somehow  or  other, 
“  the  gas  was  fired.” 

If  the  officials  in  charge  of  the  mine  care  so  little  for  the 
results  as  to  leave  all  to  blind  chance,  or  next  to  it,  since  they 
consider  their  duty  done  after  having  hoisted  a  te  danger  signal,” 
is  it  to  be  wondered  at  that  the  more  ignorant  wmrkmen  should 
err  on  the  same  side,  and  blindly  walk  into  the  very  jaws  of 
death,  with  an  open  lamp  to  light  them  on  their  v7ay  ?  Be  it 
remembered,  also,  that  miners  are  fatalists  of  the  worst  kind, 
implicitly  believing  that  they  will  not  die  until  their  time  comes, 
and  that  when  it  does,  die  they  must ;  and  hence  they  run  most 
foolhardy  risks.  This  very  belief,  however,  makes  them  cou¬ 
rageous  even  to  a  fault,  for  they  will  face  danger  most  un¬ 
flinchingly  in  endeavouring  to  save  fellow- workmen  requiring 
help.  And  so,  with  but  few  exceptions,  in  a  more  or  less 
culpable  degree,  carelessness  is  at  the  root  of  all  the  sad  and 
terrible  disasters  attendant  upon  the  firing  of  a  pit. 

It  must  not,  however,  be  supposed  that,  in  the  enumeration 
of  losses  of  life  by  fire-damp ,  that  we  fully  realize  the  extent  of 
the  evil  going  on  year  by  year,  and,  I  fear  it  must  be  said,  in 
an  increasing  ratio.  The  gross  total  of  actual  deaths  (on  the 
spot)  from  accidents  in  and  about  the  coal-mines  of  Great 
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Britain  in  1864  was  777,  being  an  increase  of  20  over  tlie 
deaths  from  the  same  causes  in  1863.  The  following  tabular 
arrangement  exhibits  at  a  glance  the  every-day  dangers  of 
miners  : — 

Deaths  in  1864.  In  the  Shaft. 

From  overwinding ;  that  is,  when  the  engine  is  not 
stopped  in  time,  and  the  tub  is  drawn  over  the 
pulley,  and  the  miners  are  thrown  bodily  down  the 

shaft .  5 

From  falling,  either  from  the  surface,  or  from  part  of 
the  way  down  the  shaft,  e.g.,  as  where  the  same  shaft 

works  two  seams  of  coal .  36 

From  breaking  of  ropes  or  chains ;  that  is,  the  ropes  or 

chains  which  raise  and  lower  the  tubs,  cages,  etc.  .  9 

From  accidents  while  ascending  or  descending,  such  as 
from  falling  off  the  tub  or  cage,  or  being  struck  by 

the  return  tub .  32 

From  miscellaneous  accidents  in  shaft ;  such  as  the  catch 
breaking  or  being  stuck  fast,  or  allowing  the  tub  or 
cage  to  go  down  into  the  “  sump”  (a  water  cistern 

at  the  bottom  of  the  shaft) .  36 

From  things  falling  down  the  shaft .  25 

From  things  falling  from  part  of  the  ivay  down  ;  as  from 

the  side  of  the  shaft,  etc .  15 


In  the  Pit. 

From  explosions  of  fire-damp . . 

We  must  not  omit  to  mention  that  deaths  resulting 
from  explosions  after  removal  from  the  pit  are  not  in¬ 
cluded  in  these  59.  Thus,  in  1860  there  were  4  deaths 
from  explosion,  but  26  other  deaths  resulted,  making 
actually  30,  yet  only  the  4  were  estimated.  It  has  been 
positively  ascertained  by  Mr.  Holland,  one  of  the  Royal 
Commissioners  of  Mines,  that  there  is  one  life  lost  every 
day  throughout  the  year  from  explosions  alone. 

From  falls  of  coal ;  that  is,  falls  of  detached  masses  of 
coal  which  are  imperfectly  propped,  or  which  fall 

before  expected  . . 

From  falls  of  roof ;  that  is,  falls  of  stone  from  the  roof 
or  sides  of  the  galleries.  These  arise  from  the  fact, 
that  the  weight  of  the  earth  pressing  on  the  pillars 
left  to  support  the  roof  sinks  them  down  into  the 
earth,  or,  as  the  miners  say,  “  raises  the  floor,”  and, 
in  consequence,  large  masses  of  stone  become  de¬ 
tached,  and  fall  unexpectedly  ........ 


158 

59 


118 


262 
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From  explosions  of  gunpowder  ;  that  is,  gunpowder  used 
for  blasting  coal,  or  in  making  a  new  roadway  in  the 

pit,  or  raising  the  roof,  etc .  15 

From  miscellaneous  accidents  ;  that  is,  suffocation,  irrup¬ 
tions  of  gases  or  of  water,  falls  into  water,  on  the 
inclined  plane,  etc . .  102 


On  the  Surface. 


556 


By  machinery .  14 

By  bursting  of  boilers .  3 

By  miscellaneous  accidents .  46 


Total  Number  of  Deaths— 


63 


In  the  Shaft  . 

158 

In  the  Pit 

556 

On  the  Surface  . 

63 

777  actually  killed  on  the  spot;  but 
867  there  were  other  867  deaths  re- 

1644 

suiting  from  accident,  making 
1644  actual  deaths  from  accidental 

causes. 

We  cannot  altogether  overlook  or  entirely  ignore  another 
source  of  danger  to  life  in  mines — one  greatly  affecting  health 
and  shortening  life,  and  thereby  increasing  what  is  commonly, 
but  wrongly,  spoken  of  as  the  natural  death  ratio  of  miners — 
namely,  the  imperfect  ventilation  of  mines.  In  our  northern 
coal-pits  as  much  care  is  taken  as  can  be  got  out  of  an  imper¬ 
fect  system  to  maintain  an  interchange  of  pure  air ;  but  in 
most  metal  mines  this  great  necessity  of  life  is  shamefully  and 
systematically  neglected.  An  eye-witness  graphically  describes 
the  present  condition  of  a  Cornish  mine  : — 

c<r  The  only  air-engine  found  working  in  one  big  mine  was 
a  piston  in  a  rough  deal  box;  a  panting  short-armed  little  boy 
pulled  and  pushed  at  the  cross  handle.  The  air  was  close 
where  he  worked,  and  the  squirt  and  its  pipes  leaked.  A  long 
way  off,  at  the  f  end/  a  very  faint  puff,  which  gently  bent  the 
flame  of  a  candle  for  a  moment,  was  the  sole  result  of  each 

violent  effort . Men  at  work  in  bad  places  pant  and 

seem  to  breathe  painfully.  Their  faces  are  red  or  purple ; 
their  veins  swelled;  their  brows  wet,  and  begrimed  with  soot. 
They  seem  to  labour  hard,  though  their  work  is  not  harder 
than  quarrying  stones  elsewhere.  In  such  places  candles  flicker 
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and  sometimes  go  out  altogether ;  no  puffing  or  drawing  will 
light  a  pipe  or  keep  it  lighted  There  is  no  laughter,  no  fun ; 
no  busy  cheering  chatter  of  active  labour;  all  is  silent  toil; 

the  carbonic  acid  is  not  laughing  gas . 

“The  death-rates  per  1000  between  certain  ages  are  as 
follows  : — 


Ages. 

Cornish  people 
above  ground. 

h 

Northern  colliers. 

Cornish  men 
under  ground. 

35  to  45 

10 

10 

14 

45  to  55 

1 5 

17 

34 

55  to  65 

24 

24 

63  ”  * 

Is  such  a  lamentable  death-rate  to  be  longer  permitted  to 
pass  unheeded  ? 

Now  comes  the  important  question,  What  has  science  done 
to  ameliorate  this  loim*  list  of  dangers  to  the  miner  ?  But 
before  we  enter  upon  the  consideration  of  this  question,  it  will 
be  necessary  to  comprehend  quite  clearly  the  nature  and  pro¬ 
perties  of  fire-damp. 

First,  the  gas  is  light,  and  therefore  rises  to  the  upper  part 
of  a  gallery  in  a  mine,  and  remains  in  that  position,  unless  in 
exceptional  cases.  It  is  inflammable,  burning  with  a  luminous 
flame,  and  in  its  combustion  forming  water  and  carbonic  acid, 
the  latter  being  the  “  choke-damp  99  of  the  miner.  A  mixture 
of  fire-damp  and  air,  containing  six  per  cent,  of  the  gas,  burns 
quietly;  if  the  quantity  of  the  combustible  element  be  in¬ 
creased  to  seven  per  cent.,  the  mixture  explodes  feebly;  the 
most  destructive  explosion  taking  place  when  ten  and  a  half 
parts  of  fire-damp  are  mixed  with,  eighty-nine  and  a  half  of 
air.  Fire-damp,  fortunately,  requires  a  high  temperature  to 
ignite  it,  and  by  its  combustion  produces  a  still  higher  one; 
ccnsequently  it  singes  off  the  hair,  burns  the  skin,  sets  fire  to 
garments,  and  at  times  even  sets  fire  to  coal;  hence  we  occa¬ 
sionally  hear  of  mines  being  on  fire.  The  gas  has  a  peculiar 
odour,  which,  however,  varies  considerably;  in  some  mines  it 
has  a  faint  smell  of  alcohol,  in  others  of  tar,  and  again  in 
others  it  has  a  foetid  odour  not  unlike  fennel.  For  experi¬ 
mental  use  it  is  readily  procurable,  being  eliminated  when  a 
mixture  of  equal  parts  of  acetate  of  potash,  caustic  potash,  and 
quick  lime  is  strongly  heated.  It  occurs  naturally  as  a  result 
of  the  decomposition  of  vegetable  matter  contained  in  the  mud 

*  J.  F.  Campbell’s  Frost  and  Fire ,  vol.  i.,  page  55. 
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of  stagnant  water,  such  as  rivers,  ponds,  marshes,  etc. ;  hence 
its  name  marsh-gas. 

A  common  cause  of  explosions,  not  often  explained  or 
even  thought  of,  maybe  found  in  the  variations  of  the  pressure 
of  the  atmosphere,  as  indicated  by  the  barometer.  The  gas 
having  collected  in  a  “  Goaf,”  is  retained  there  by  the  high 
pressure  indicated  by  the  barometer — suddenly  the  barometer 
falls,  the  mass  of  gas  expands,  and  some  unfortunate  workman, 
not  knowing  what  has  happened,  walks  into  the  danger  with  a 
naked  light,  thereby  exploding  it  may  be  acres  of  gas. 

Until  the  beginning  of  the  present  century,  the  only  means 
of  ascertaining  the  accumulation  of  fire-damp  to  a  dangerous 
extent  was  at  the  almost  certain  risk  of  igniting  the  whole ;  while 
the  dim  light  afforded  by  the  steel-mill  was  the  only  one  with 
which  a  dangerous  atmosphere  could  be  approached  ;  and  even 
with  this,  there  was  the  actual  danger  of  the  sparks  given  off  in¬ 
flaming  the  gas.  In  1812,  the  insufficiency  of  the  then  exist¬ 
ing  arrangements  was  made  painfully  apparent  by  the  Felling 
Colliery  explosion;  the  fact  of  a  pit  judiciously  worked,  and, 
as  was  supposed,  adequately  ventilated,  being  subjected  to  so 
extensive  a  calamity  as  to  cause  the  loss  of  three-fourths  of  the 
large  staff  of  workmen  employed  in  it,  led  many  to  make  the 
most  earnest  endeavours  to  devise  some  remedy  for  the  evil. 
The  first  recorded  invention  in  this  direction  was  a  lamp 
devised  by  Dr.  Clanny,  said  to  be  capable  of  being  burnt  in  an 
explosive  atmosphere :  this  consisted  of  an  arrangement  for 
blowing  the  air  to  support  combustion  through  a  column  of 
water,  and  for  permitting  the  escape  of  the  heated  air  through 
the  same  medium.  Sir  Humphrey  Davy  then  turned  his  atten¬ 
tion  to  the  subject,  and  found,  while  pursuing  his  remarkable 
“  researches  on  flame, ”  which  afterwards  led  to  the  invention 
of  the  Safety  Lamp,  that  no  explosion  could  be  produced  in  a 
mixture  of  air  and  fire-damp  passing  through  a  narrow  tube, 
owing  to  the  cooling  influence  exerted  by  the  tube  upon  the 
gas,  and  that  the  narrower  the  tube,  the  shorter  was  the  length 
required  to  produce  this  protective  effect. 

Flame  is  well  understood  to  be,  in  all  ordinary  cases,  a 
luminous  envelope,  which  forms  a  limiting  surface  between  the 
unburned  combustible  within  and  the  supporter  of  combustion 
without.  Hemming*  s  safety  tube  for  the  oxy hydrogen  blow¬ 
pipe  depends  for  its  efficacy  upon  the  cooling  influence  which 
the  metallic  tubes  or  channels  exert  upon  the  burning  jet. 
The  heat  of  the  flame  is  in  this  way  prevented  from  passing 
backwards,  and  causing  the  explosion  of  the  mixed  gases  in 
the  reservoir. 

It  is  well-known  in  the  laboratory,  that,  by  using  ware 
gauze,  we  may  easily  cut  off  the  upper  part  of  a  flame,  the 
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unburned  gases  being  reduced  in  temperature  below  the  point  re¬ 
quired  for  ignition;  and  if  we  employ  a  piece  of  gauze  with  about 
400  meshes  to  the  square  inch,  the  conducting  power  of  the 
metal  is  sufficient  to  cool  the  flame  below  the  point  of  ignition, 
even  though  the  wire  itself  may  become  red-hot.  In  a  similar 
manner  the  gas  above  the  gauze  may  be  kindled,  and  the 
flame  will  not  pass  through  to  that  below. 

Sir  H.  Davy,  in  the  construction  of  his  miner’s  lamp, 
beautifully  adapted  these  principles,  so  that  the  miner  might 
carry  on  his  work  without  allowing  the  flame  to  come  in  con¬ 
tact  with  the  surrounding  atmosphere.  The  wire  gauze  used 
in  the  construction  of  these  lamps  contains  from  700  to  800 
meshes  in  the  square  inch.  In  a  strong  current  of  air,  the 
heated  gas  may  be  blown  through  even  this  fine  gauze  before 
its  temperature  is  sufficiently  lowered  to  prevent  an  explosion ; 
but,  of  course,  such  an  occurrence  might  be  easily  guarded 
against.  The  lamp  itself  is  merely  an  ordinary  oil  lamp, 
inclosed  within  a  cylinder  of  this  fine  wire  gauze ;  it  is  pro¬ 
vided  with  a  double  top,  and  a  crooked  wire,  which  passes  up 
tightly  through  a  tube  traversing  the  body  of  the  lamp,  for 
the  purpose  of  trimming  the  wick  without  the  necessity  of 
removing  the  wire  case.  When  such  a  lamp  is  introduced 
into  an  explosive  mixture,  the  flame  is  seen  gradually  to  enlarge 
as  the  proportion  of  the  gas  increases,  until  at  length  it  fills 
the  entire  gauze  cylinder ;  when  the  gas  is  greatly  in  excess, 
the  lamp  is  entirely  extinguished ;  if  it  be  withdrawn  from  the 
mixture  while  the  cylinder  appears  full  of  flame,  the  wick 
is  rekindled.  Whenever  this  pale,  enlarged  flame  is  seen,  the 
miner  should  withdraw;  for  although  no  explosion  maybe  looked 
for  while  the  gauze  is  so\md,  yet  at  a  high  temperature  the 
mefcal  rapidly  oxidizes,  and  then  easily  breaks  into  holes.  In 
such  a  case,  a  single  aperture  of  sufficient  size  determines  a 
fatal  explosion. 

The  means  employed  for  detecting  fire-damp  are  few  and 
simple.  The  viewer  or  his  deputy  inspects  all  the  working 
places  in  a  coal-mine  before  the  men  are  allowed  to  begin 
work,  and  with  his  Davy  lamp  determines  whether  it  is  safe 
for  the  men  to  use  naked  lights,  or  whether  they  are  to  employ 
the  safety  lamp.  In  the  latter  case,  the  lamps  are  securety 
locked ;  but  even  then  the  men  will  at  times  suck  the  flame 
through  the  wire  gauze  to  light  their  pipes,  and  by  this  selfish 
act  they  hazard  their  own  lives,  as  wrell  as  that  of  their  fellow- 
workmen. 

In  the  viewer’s  trial,  he  reduces  the  flame  of  his  lamp  to 
about  the  size  of  a  horse-bean,  and  then  slowly  raises  it  into 
the  suspected  atmosphere,  carefully  watching  the  flame.  If 
there  be  three  per  cent.,  a  pale  blue  cap  overhangs  the  flame ; 
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if  more  than  five,  but  less  than  seven  per  cent.,  the  flame 
elongates  in  proportion  to  the  quantity;  if  more  than  seven, 
but  less  than  fifteen  per  cent.,  the  lamp  explodes  (that  is,  the 
gas  within  the  gauze)  with  less  or  greater  violence ;  if  the 
mixture  contains  more  than  fifteen  or  sixteen  per  cent,  of  fire¬ 
damp,  it  burns  quietly ;  and  if  more  than  this,  it  is  unable  to 
support  combustion,  and  the  lamp  is  extinguished.  In  former 
times  these  trials  were  made  with  a  naked  candle,  and  an  ex¬ 
plosion  commonly  told  of  the  presence  of  the  gas  :  and  even  with 
the  Davy  lamp  in  competent  hands,  these  trials  are  not  actually 
safe,  as  is  evidenced  by  the  report  lately  made  by  Mr  J.  J. 
Atkinson,  Inspector  of  Mines  in  the  Durham  district,  wherein 
he  gives  in  detail  two  instances  of  explosions  through  the 
gauze  of  Davy  lamps,  which  were  found  still  in  a  perfect  condi¬ 
tion  even  after  the  explosions. 

One  of  these  explosions  took  place  at  Newbottle  colliery, 
“  through  two  workmen  unexpectedly  opening  a  communica¬ 
tion  between  the  Margaret  pit  and  the  Jane  pit  workings  at 
that  colliery,  on  the  8th  of  April,  1864,  the  latter  pit  having 
been  abandoned  for  about  sixty  years,  and  the  shaft  closed 
up,  after  an  explosion.  On  opening  the  communication,  gas 
came  out  of  the  old  workings  with  considerable  force,  and 
the  workmen  ran  away,  leaving  their  safety  lamps  behind. 
Very  soon  a  slight  explosion  took  place,  and  the  coal  was 
set  on  fire,  and  that  part  of  the  workings  had  to  be  closed 
off  for  some  time,  in  order  to  extinguish  the  fire.  When 
the  fire  was  extinguished,  and  the  place  was  again  reached, 
strange  to  relate,  both  safety  lamps  were  found  to  be  in  good 
order.  They  were  common  Davy  lamps.”  It  appears  that 
there  are  also  precautions  required  before  using  a  new  Davy 
lamp.  The  wire,  at  the  time  of  its  being  drawn  out,  is  lubri¬ 
cated  with  oil,  to  enable  it  to  pass  through  the  steel  die  that 
regulates  its  size,  and  it  is  found  that  it  retains  on  its  surface 
a  thin  film  of  this  oil,  even  after  it  has  been  woven  into  gauze. 
If,  therefore,  a  new  lamp  be  taken  into  an  explosive  mixture, 
the  ignition  and  combustion  of  that  mixture  heats  the  gauze 
to  redness,  and  the  oil  volatalises,  and  ignites  the  fire-damp 
outside  the  lamp.  These,  and  other  important  facts,  have 
recently  received  the  fullest  investigation  at  the  hands  of  Mr. 
Atkinson,  who,  we  hope,  will  collect  them  into  a  paper,  and 
publish  the  same  for  the  benefit  of  mankind. 

To  fully  comprehend,  then,  the  advantages  and  disadvan¬ 
tages  of  the  Davy  lamp,  we  will  take  them  seriatim  : 

1st.  The  fire-damp  will  explode  through  the  gauze  of  a 
perfectly  constructed  lamp. 

2nd.  The  lamp  goes  out  if  taken  into  a  very  impure  atmos¬ 
phere,  and  this  happens  in  cases  where  light  is  absolutely 
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necessary  to  the  saving  of  life,  or  where  there  are  urgent 
works  to  he  conducted  in  an  atmosphere  which  will  support  life 
for  a  short  time,  but  where  the  Davy  lamp  will  not  burn.  On 
this  ground  it  is  to  be  hoped  that  a  means  will  be  found  of 
using  the  electric  light  in  some  way  or  other,  either  in  Dumas3 
form,  or  in  that  of  the  diver's  lamp. 

3rd.  The  Davy  lamp  may  be,  and  indeed,  as  we  have 
already  seen,  often  is,  opened  by  the  miner,  even  after  it  has 
been  locked  by  the  viewer,  either  to  light  his  pipe,  or  to 
obtain  more  light,  for  the  gauze  sadly  obstructs  light. 

4th.  It  may  easily  be  extinguished  by  a  current  of  air,  or  by 
a  drop  of  water  falling  from  the  roof  of  the  gallery. 

5th.  If  the  lamp  be  tilted  on  one  side  the  oil  is  liable  to 
run  over  the  gauze ;  and  in  such  a  case,  as  not  unfrequently 
happens,  it  causes  an  explosion. 

We  must  not,  however,  lose  sight  of  the  fact,  that  in  spite 
of  the  disadvantages  just  enumerated,  the  Davy  lamp  has 
proved  of  very  great  value  to  the  miner.  First,  in  the  detec¬ 
tion  of  fire-damp  in  pits,  and  then  in  giving  sufficient  light  for 
the  miner  to  work  in  an  atmosphere  containing  a  considerable 
amount  of  an  explosive  gas.  Many  changes  and  alterations 
have  been  from  time  to  time  proposed  for  the  purpose  of  over¬ 
coming  some  of  the  objections  above  mentioned,  but  hitherto 
all  the  proposed  fancied  improvements  have  ended  in  disap¬ 
pointment  and  vexatious  failure.  A  somewhat  more  important 
lamp  is  offered  in  Dumas'  electric  light  for  the  purpose  of  work¬ 
ing  mines  with  safety.  This  lamp  consists  of  an  induction  coil, 
enclosed  in  a  box,  with  a  tube  of  uranium  glass  about  a  foot 
long  in  the  front.  The  positive  and  negative  platinum  points 
are  introduced,  one  at  one  end,  and  the  other  at  the  other,  a 
vacuum  is  then  produced  in  the  tube;  by  turning  a  small  screw 
the  current  passes  from  point  to  point,  and  produces  the  well- 
known  electric  light.  The  light  is  much  inferior  to  that  of  the 
Davy  lamp ;  indeed,  it  is  only  just  sufficient  to  enable  the  miners 
to  grope  their  way  about.  The  whole  affair  is  unfortunately 
cumbrous  and  expensive  (costing  about  £10),  and  therefore  not 
likely  to  be  brought  into  general  use,  at  least  in  its  present  form. 
Danger  is,  however,  reduced  to  a  minimum,  because  in  the 
event  of  fracture  of  the  glass  tube,  the  vacuum  is  destroyed, 
the  air  rushes  in,  and  the  lamp  is  immediately  extinguished. 

We  may  then  conclude  that  all  mere  mechanical  contri¬ 
vances  for  shutting  off  the  gas  from  the  source  of  illumination 
have  proved  failures,  and  altogether  inadequate  to  grapple 
with  the  difficulties  to  be  dealt  with  in  mines  ;  and  therefore 
science  has  been  driven  to  look  in  another  direction  for  the 
means  of  lessening  the  dangers  attendant  upon  mining.  Mr. 
George  F.  Ansell,  of  the  Koyal  Mint,  lately  invented  a  most 
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delicately  sensitive  “  Indicator,”  whereby  be  is  able  to  detect 
the  smallest  appreciable  quantity  of  fire-damp  in  a  mine.  This 
is  undoubtedly  a  step  in  the  right  direction. 

As  in  the  case  of  the  safety  lamp,  Ansell’s  Fire-damp  Indi¬ 
cator  is  the  practical  application  of  a  natural  law,  that  of  diffu¬ 
sion.  Dr.  Priestley  first  noticed  the  phenomenon  which  has 
since  been  more  fully  developed  by  Berthollet  and  Dobereiuer 
in  1825,  and  by  Graham  still  more  recently,  who  evidently 
sought  out  and  explained  the  law  which  governs  the  diffusion 
of  gases,  and  which  law  may  be  thus  popularly  explained  : — 
When  two  different  gases,  as  atmospheric  air  and  fire-damp, 
for  example,  are  brought  into  contact  with  each  other,  they 
have  a  tendency  to  mix ;  and  whilst  this  mixing  is  taking 
place,  the  atoms  of  each  gas  travel  at  a  certain  speed  peculiar 
to  that  gas,  which  speed  remains  the  same  under  all  circum¬ 
stances.  Another  peculiarity  is,  that  the  speed  of  a  gas 
remains  the  same  'whether  it  is  passing  into  space  or  intermix¬ 
ing  with  another  gas,  and  whether  it  is  passing  through  a 
porous  substance  or  an  open  tube.  Mr.  Anseil  practically 
applies  these  facts  to  the  detection  of  fire-damp ;  and  since 
his  indicator  enables  him  to  ascertain  the  exact  percentage  of 
this  or  other  deleterious  gases,  the  application  is  of  the  very 
highest  importance  and  value,  not  only  for  coal  and  metal 
mines,  but  wherever  subterranean  works  of  any  kind  have  to 
be  carried  on,  for  it  readily  indicates  the  presence  of  the 
deadly  choke-damp,  if  in  any  poisonous  amount.  It  is  also 
capable  of  being  made  equally  useful  for  the  detection  of  coal- 
gas  in  houses  and  large  buildings,  as  theatres,  railway  tunnels, 
and  the  proposed  subways  in  our  streets ;  or  in  the  holds  of 
ships,  where  foul  air  or  fire-damp  often  collects.  It  may  be 
stated,  en  passant,  that  a  short  time  since  the  newspapers 
gave  an  account  of  one  ship  lying  at  Liverpool,  and  another  at 
Sunderland,  having  suffered  great  damage,  attended  with  loss 
of  life,  by  the  explosion  of  an  unsuspected  accumulation  of 
marsh  gas  in  their  holds.  In  well-sinking,  and  various  other 
branches  of  mechanical  art,  it  is  capable  of  being  turned  to 
most  valuable  account  for  the  preservation  of  human  life. 

Many  of  the  phenomena  attendant  upon  the  mixing  of  gases 
are  so  novel  and  interesting,  that  we  cannot  quite  pass  them 
over  without  a  few  observations  ;  and  for  the  better  elucidation 
of  our  subject  it  will  be  as  well  that  we  should  briefly  notice 
some  of  the  more  important.  The  laws  which  govern  the 
movements  of  mixed  gases  are  of  a  totally  different  character 
to  those  'which  operate  upon  mixed  fluids.  The  latter  are 
invariably  arranged  in  strata,  or  layers  as  it  were,  and  in  exact 
accordance  with  their  specific  gravities,  the  lightest  finding  its 
way  to  the  surface,  and  the  heaviest  sinking  to  the  bottom  of 
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tlie  vessel  in  wTiich  tliey  are  placed.  From  this  fact  it  is  con¬ 
cluded  that  no  chemical  action  is  exerted  in  order  to  effect  their 
incorporation,  and  that  by  the  force  of  gravity  alone  each  liquid 
assumes  its  relative  position.  With  respect  to  gases,  which  also 
vary  in  density  to  a  very  considerable  extent,  no  such  separation 
takes  place.  If  chlorine,  the  specific  gravity  of  which  is  thirty- 
six  times  as  great  as  that  of  hydrogen,  be  placed  in  one  of  two 
distant  vessels,  and  be  allowed  to  communicate  by  means  of  a 
long  tube,  the  hydrogen,  or  the  lighter  gas,  being  placed 
uppermost,  the  heavier  chlorine  will,  in  the  course  of  a  few 
hours,  find  its  way  into  the  upper  jar,  as  may  be  seen  by  its 
green  colour,  whilst  the  hydrogen  will  pass  downwards  into 
the  lower  jar,  and  ultimately  the  two  gases  will  be  found  to  be 
equally  intermixed  throughout,  and  when  once  mixed,  there  is 
no  disposition  to  separate  again,  however  long  they  may  remain 
at  rest  together.  The  rapidity  with  which  this  diffusion  occurs 
varies  with  the  specific  gravity  of  the  gases ;  and,  contrary  to 
what  might  be  generally  supposed,  the  more  widely  the  two 
gases  differ  in  density,  the  more  rapid  is  the  process  of  inter¬ 
mixture.  In  the  earliest  investigations  into  this  very  interesting 
subject,  a  very  simple  apparatus  was  employed,  wliich  was  no¬ 
thing  more  than  a  plain  cylindrical  glass  tube,  ten  or  twelve 
inches  in  length,  and  one  inch  in  diameter.  It  was  closed  at 
one  end  by  a  porous  plate  of  plaster  of  Paris,  graphite,  or  any 
dry  porous  substance,  and  was  then  termed  a  Diffusiometer . 

In  the  primary  application  of  the  tube  it  was  filled  with 
hydrogen  over  a  mercurial  trough,  a  sheet  of  gutta-percha  for 
the  moment  covering  the  porous  plate,  and  rendering  it  more 
slowly  permeable.  On  the  removal  of  the  gutta-percha  gaseous 
diffusion  through  the  pores  of  the  plate  immediately  took 
place,  and  during  the  process  the  mercury  rose  in  the  tube  to 
a  height  of  six  or  seven  inches,  thus  showing  the  force  with 
which  the  impenetration  of  the  atmospheric  air  is  effected.  Mr. 
Anselks  ready  mode  of  showing  this  is  very  simple,  inasmuch 
as  he  demonstrates  it  with  ordinary  coal-gas.  He  takes  a  piece 
of  glass  tubing  about  one  inch  in  diameter,  covers  one  end  with 
a  piece  of  tile  or  plaster  of  Paris,  and  fills  it  with  coal-gas. 
This  is  supported  in  a  jar  of  water,  when  the  water  imme¬ 
diately  begins  to  rise  in  the  tube,  and  will  continue  to  do 
so  in  opposition  to  gravity,  until  in  the  course  of  a  few 
minutes  it  stands  three  or  four  inches  higher  inside  the 
tube  than  the  surface  of  the  fluid  in  the  outer  vessel,  in 
consequence  of  the  coal-gas  passing  out  through  the  pores  of 
the  plaster  of  Paris  much  more  rapidly  than  air  can  pass  in. 
In  the  case  where  different  gases  are  mixed,  and  then  intro¬ 
duced  into  the  diffusion  tube,  each  preserves  the  rate  of  dif¬ 
fusion  peculiar  to  itself.  If,  for  instance,  hydrogen  and  carbonic 
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acid  be  mixed  and  placed  in  the  diffusion  tube,  the  hydrogen 
passes  out  with  much  greater  rapidity  than  the  carbonic  acid, 
and  a  partial  mechanical  separation  of  two  gases  differing  in 
density  may  thus  be  effected.  The  rate  of  diffusion  is,  as  might 
be  expected,  accelerated  by  a  rise  of  temperature ;  for  by  heat 
all  gases  are  rendered  specifically  lighter. 

The  rapid  passage  of  gases  through  the  minute  pores  of  the 
plates  is  a  remarkable  phenomenon,  and  one  which  is  thought 
to  fully  demonstrate  the  molecular  theory  of  bodies;  but  still 
more  remarkable,  the  infinitesimal  particles  of  gaseous  bodies 
find  their  way  quite  as  rapidly  through  such  substances  as  india- 
rubber ,  etc.,  which  neither  microscopical  nor  chemical  exami¬ 
nation  had  heretofore  shown  to  be  porous.  Upon  submitting  the 
very  finest  pellicle  of  india-rubber  to  the  highest  powers  of  the 
microscope  it  presents  a  perfectly  homogeneous  appearance,  and 
no  pressure,  however  carefully  applied,  will  force  a  fluid  through 
its  minute  pores ;  nevertheless,  gases  pass  readily  through  it. 

The  process  of  diffusion  is  one  which  is  continually  going 
on,  and  playing  an  important  part  in  the  atmosphere  which 
surrounds  us,  as  well  as  in  the  various  parts  of  nature.  The 
beautiful  and  regular  movements  of  the  fluid  particles  which 
we  watch  with  so  much  interest  in  the  Vallisneria,  An acharis, 
etc.,  are  doubtless  a  result  of  the  law  of  diffusion.  Accu¬ 
mulations  of  gases  unfitted  for  the  support  of  animal  and 
vegetable  life,  are  by  its  means  silently  and  speedily  dispersed  : 
even  respiration  itself  could  not  be  long  maintained,  were  it 
not  for  the  process  of  diffusion,  which  rapidly  displaces  that 
which  has  been  rendered  unfit  for  the  support  of  life,  and  at 
the  same  time  draws  downwards  and  into  the  lungs  a  fresh 
supply  of  purer,  better,  and  specifically  lighter  air. 

Enough  has  now  been  said  to  convey  a  clear  idea  of  the 
singularly  beautiful  phenomenon  of  the  diffusion  of  gases, 
and  light  the  way  to  a  more  exact  comprehension  of  Mr. 
AnselY  s  fire-damp  and  gas  indicator. 

Carburetted  hydrogen,  either  heavy,  in  the  form  of  olefiant 
gas,  or  light  as  marsh  or  coal-mine  gas  (in  both  cases  lighter  than 
air),  diffuses  readily  through  air,  as  we  have  already  shown; 
and  upon  this  is  founded  Mr.  AnselFs  beautiful  method  for 
detecting  its  presence. 

It  was  represented  to  this  gentleman  that  fire-damp  would 
become  comparatively  harmless  if  its  presence  in  a  mine  could 
be  made  known  by  a  signal  in  the  manager’s  room  above¬ 
ground;  the  essential  condition  being,  that  such  means  should 
be  entirely  self-acting.  In  September,  1862,  Mr.  Ansell 
visited  some  coal-mines  in  the  Midland  district,  for  the  purpose 
of  ascertaining  the  conditions  to  be  met,  and  was  conducted  to 
a  portion'of  a  pit  known  to  be  pretty  tolerably  charged  with 
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an  explosive  mixture.  The  gas  caused  a  peculiarly  helpless 
feeling  to  come  over  him,  and  his  head  had  an  extraordinary 
light  feeling” — so  much  so,  that  it  occurred  to  him,  that  if  his 
head  had  been  made  of  india-rubber,  he  could  have  brought 
away  some  of  the  gas  ;  in  his  own  words,  “  his  head  appeared  to 
be  tilled  with  fire-damp.'”  On  his  return  home,  an  india-rubber 
balloon  his  child  was  playing  with,  attracted  his  attention,  and 
he  thought  he  might  turn  this  plaything  to  account;  this  thought 
was  elaborated,  and  associated  with  a  law  just  spoken  of,  and 
uppermost  in  his  mind — namely,  that  of  osmose,  or  diffusion. 

Before  his  next  visit,  he  had  not  only  thought  out  this 

happy  idea,  but  had  provided  himself 
with  the  simple  apparatus  shown  in  Fig.  1, 
consisting  of  an  india-rubber  balloon, 
bound  round  the  centre  with  a  linen  band, 
secured  in  the  manner  shown  in  the  wood- 
cut,  between  the  foot-board,  e,  and  the 
moveable  arm,  c.  By  the  expansion  of 
the  balloon,  the  arm,  and  a  lever,  D,  are 
raised,  and  a  spring  bell,  E,  fixed  above, 
liberated  and  set  in  motion. 

This  first  experiment  was  so  near  to  per¬ 
fection,  that  all  subsequent  improvements 
in  the  form  of  the  apparatus  partake  more 
of  the  nature  of  scientific  refinements 
than  that  of  a  positively  necessary  de¬ 
parture  from  the  original  conception,  as 
may  be  readily  seen  upon  comparing  Fig.  1  with  the  latest 
adopted  form  shown  in  Fig.  2. 

Fig.  2,  a,  is  a  small  balloon  of  india-rubber,  filled  with 
atmospheric  air,  bound  round  the  middle 
with  a  band  of  linen,  to  prevent  lateral 
expansion.  This  is  placed  under  the 
lever,  b,  resting  on  a  stand,  e,  where  there 
is  a  screw  to  adjust  the  bag  of  air  to  a 
proper  height.  When  adjusted,  the  bal¬ 
loon  presses  lightly  upon  the  lever,  b.  If 
this  arrangement  be  placed  in  an  atmos¬ 
phere  containing  but  a  small  percentage 
of  carburetted  hydrogen,  this  gas  passes 
through  the  india-rubber  by  diffusion, 
and,  of  course,  expands  the  balloon.  In 
expanding  this  the  lever  is  raised;  and 
by  the  arrangement  shown  at  c,  the  ratchet 
wheel  is  released,  and  the  cord  and  weight, 
d}  liberated ;  and  by  the  fall  of  the  latter 
down  the  pillar,  a  bell  is  rapidly  and  re- 
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fig:  3. 


peatedly  rung’.  By  tlie  same  forms  of  apparatus  connection  may 
be  made  and  broken  with  a  voltaic  battery,  or  a  magneto-electric 
machine  put  in  motion,  and  a  telegraphic  signal  given  at  the 
surface  of  the  mine,  either  in  the  office  or  in  any  convenient 
place. 

Fig.  8  is  another  form  of  instrument.  A  U-shaped  tube, 
longer  in  one  arm  than  in  the  other,  and  having 
the  short  arm  provided  with  a  bulb,  is  passed 
through  the  bottom  of  a  porous  battery  cell,  and 
cemented  securely ;  then  the  open  end  of  the 
cell  is  closed  by  a  disk  of  wood,  and  cemented 
on  by  sealing-wax.  The  tube  is  partially  filled 
with  mercury,  on  the  surface  of  which  is  a 
floating  weight  attached  to  a  string,  this  is 
carried  over  a  pulley,  and  by  its  rise  or  fall  moves 
an  index  upon  a  dial,  precisely  in  the  same  way 
as  an  ordinary  wheel  barometer.  The  gas,  even 
when  it  exists  in  the  smallest  quantity,  passes 
into  the  porous  cell,  and  thus  increasing  the  volume  of  the 
enclosed  air,  it  presses  the  mercury  up  into  the  tube,  lifting  the 
float,  and  moving  the  index.  This  arrangement  may  also 
be  used  to  ring  a  bell,  or  to  establish  electro-telegraphic  com¬ 
munication. 

Fig.  4  is  a  glass  U-tube,  containing  a  little  mercury  or 
coloured  water.  This  is  fixed  upon  a  board  on  which 
is  a  scale  graduated  by  experiment.  Over  one  arm 
of  the  tube  is  fixed  a  porous  plate.  This  is  then 
carried  into  the  colliery,  and  the  percentage  of  gas 
in  the  air  is  shown  by  the  rise  of  the  fluid  in  the  open 
arm  of  the  tube. 

Fig.  5  consists  of,  A,  a  porous  tile,  secured  into  a 

glass  vessel,  b,  which  is 
connected  with  a  U-tube, 
having  some  mercury  in 
it.  The  arrangement  is  FaG:4* 
then  made  as  in  the  former  case, 


so  that  the  index  is  moved  the 
moment  diffusion  takes  place. 

There  are  many  other  forms 
which  might  be  given  to  this  ap¬ 
paratus.  Indeed,  Mr.  Ansell  has 
completed  one  of  a  most  portable 
description,  which  is  about  the 
size  of  an  old-fashioned  watch.  It 
can,  therefore,  be  carried  into  the 


Fig.  5. 


colliery  by  the  viewer,  in  his  pocket,  and  employed  at  any  mo¬ 
ment  to  determine  the  amount  of  dangerous  gas  present  in  the  air. 
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When  diffusion  has  been  completed,  that  is,  when  the  air 
within  and  without  the  porous  septum  has  become  of  the  same 
character,  the  index  retires  to  zero,  and  remains  at  that  point 
until  there  is  a  change  in  the  mixed  airs  or  gases ;  but  if  then 
the  air  be  purified,  the  index  travels  back  from  zero,  showing 
purification.  To  restore  the  instrument  to  its  normal  con¬ 
dition,  so  that  it  will  be  ready  for  use  in  any  atmosphere, 
nothing  more  is  necessary  than  to  place  it  for  a  few  minutes  in 
an  atmosphere  which  is  free  from  carburetted  hydrogen. 

If  it  be  desired  to  give  instant  notice  to  the  men  at  work,  or 
to  the  people  above  ground  from  the  working  places,  he  uses 
a  porous  battery  cell,  which,  with  a  small  column  of  mercury, 
gives  warning  in  a  few  seconds  of  a  sudden  irruption  of  fire¬ 
damp.  The  action  of  the  instrument  is  so  immediate,  that, 
unless  seen,  it  would  appear  to  be  incredible,-  it  is,  never¬ 
theless,  trustworthy  and  certain.  Supposing  the  atmosphere 
which  has  caused  the  indication  to  remain  unaltered,  then  the 
instrument  empties  itself  by  effusion,  and  the  indicator  returns 
to  the  original  zero,  and  remains  at  that  point  until  the  mine  is 
ventilated,  when  the  indicator  retires  from  zero,  thus  indicating 
the  purification  of  the  dangerous  place.  These  remarks  also 
apply  to  the  pocket  aneroid  about  to  be  explained. 

The  instruments  above  spoken  of  are  intended  to  give 
warning  alone;  but  if  it  be  desired  for  the  information  of 
viewers,  inspectors,  owners,  and  others,  to  ascertain  the  amount 
per  cent,  of  fire-damp  present  in  the  air  of  mines,  Mr.  Ansell 
varies  the  form  of  his  apparatus,  the  most  convenient  form  for 
that  purpose  being  that  of  a  small  aneroid  barometer  for  the 
waistcoat  pocket.  The  mercurial  barometer,  when  fitted  with 
the  necessary  accompaniments,  affords  very  satisfactory  results, 
as  also  does  a  column  of  mercury  not  representing  a  barometer. 
As  regards  the  aneroid  barometer,  he  removes  the  brass  back, 
and  replaces  it  by  a  piece  of  porous  tile,  the  ordinary  biscuit- 
ware  of  Wedgewood.  The  instrument  so  completed,  with  a 
few  additional  and  simple  mechanical  arrangements,  may  be 
used  as  an  ordinary  aneroid  barometer ;  but  at  the  time  of  using 
it,  to  tell  the  amount  of  fire-damp  present,  it  is  necessary  to 
close  the  valve  by  a  small  screw.  Then  having  read  the  point  at 
which  the  barometer  stands,  and  noting  this  as  the  zero, 
remove  a  brass  cap  which  protects  the  porous  tile,  and  if  there 
be  any  fire-damp  present,  the  hand  travels  over  the  face  of  the 
dial,  because  the  diffusion  of  the  fire-damp  into  the  chamber  of 
the  aneroid  barometer  causes  an  increased  volume,  which,  being 
obliged  to  occupy  a  fixed  space,  makes  pressure  on  the  partly 
exhausted  chamber  within  that  space,  and  thus  causes  the  hand 
to  move  over  the  face  of  the  dial,  indicating  unfailingly  the 
amount  per  cent,  of  explosive  gas.  In  round  numbers,  1  per 
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cent,  of  gas  is  equal  to  *01  inch,  and  10  per  cent,  of  gas  to 
*10  inch  on  the  aneroid  barometer.  The  following  results  have 
been  obtained  in  the  presence  of  experienced  miners  by  the 
Aneroid  Indicator : — 

The  aneroid  indicated  1*5  per  cent,  of  fire-damp.  The 
Davy  lamp  gave  no  indication. 

The  aneroid  indicated  3*0  per  cent,  of  fire-damp.  The 
gas  could  be  detected  by  the  Davy  lamp,  which  gave  a  small 
pale  blue  cap  of  flame. 

The  aneroid  indicated  6'0  per  cent.  The  Davy  lamp  did 
not  explode,  but  its  flame  elongated  greatly. 

The  aneroid  indicated  8*0  per  cent.  The  Davy  lamp  ex¬ 
ploded  feebly. 

The  aneroid  indicated  10*0  per  cent.  The  Davy  lamp  ex¬ 
ploded  fiercely. 

In  the  words  of  a  competent  critic,  te  It  is  impossible  to 
conceive  a  more  refined  application  of  science  than  this,  nor 
one  that  will  be  found  of  greater  practical  utility,  as  indi¬ 
cating  the  presence  of  fire-damp  in  collieries,  before  it  becomes 
dangerous  from  accumulation.-” 

A  few  last  words  as  to  the  grave  responsibility  which 
attaches  to  mine  owners.  That  coal  owners  should  hesitate, 
or  decline  to  employ,  AnselTs  Fire-damp  Indicator,  seems 
to  arise  either  from  gross  ignorance,  or  a  sordid  desire  to 
secure  the  economical  working  of  their  mines,  regardless 
of  the  lives  and  health  of  those  employed  within  them.  It 
appears  to  me  that  every  instance  of  a  frightful  rate  of  mor¬ 
tality,  such  as  we  have  seen  associated  with  mining,  is  a 
just  subject  for  legislative  interference.  Whenever  evidence 
is  adduced  that  the  death-rate  among  workpeople  engaged 
in  any  employment  habitually  exceeds  a  certain  maximum, 
which  the  legislature  would  have  no  real  difficulty  in  fixing,  -I 
think  it  only  reasonable  to  demand  that  every  such  under¬ 
taking  should  be  held  illegal  after  fair  notice  and  opportunity 
of  amendment  has  been  given.  That  those  who  derive  their 
riches  from  the  labour  of  the  poor  man  should  be  compelled  to 
use  for  his  protection  every  means  which  science  can  devise, 
or,  failing  this,  that  they  shall  be  held  as  legally  responsible  as 
railway  companies  are  for  the  lives  and  limbs  of  those  who 
suffer  from  their  negligence. 
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(Second  Paper.) 

BY  RICHARD  BITHELL,  B.SC.,  PH.D. 

In  reading  tlie  narrative  of  the  late  attempt  to  lay  the  Atlantic 
cable,  we  met  with  such  phrases  as  the  following  : — • 

“  The  insulation  tests  showed  a  high  degree  of  excellence, 
150,000,000  units.” 

iC  The  insulation  is  increasing/'’ 

“  Tested  for  conductivity,  and  found  it  perfect.” 

“  The  index  light  of  the  mirror  galvanometer,  which  for 
some  time  had  been  perfectly  steady,  was  suddenly  affected  by 
aberrations,  thus  showing  some  cause  of  disturbance  in  the 
current.” 

“  The  fault  was  localized  within  half  a  mile.” 

The  first  impression  produced  by  these  telegrams  on  the 
minds  of  a  great  number  of  men,  by  no  means  wanting  in 
intelligence,  was,  that  electrical  science  in  the  middle  of  the 
Atlantic  was  a  very  different  thing  from  electrical  science  in 
the  laboratory,  and  inquiries  were  heard  in  all  directions, 
“  How  is  this  testing  effected  ?  ”  What  is  a  mirror  galvan¬ 
ometer  ?  have  you  ever  seen  one  ?  ”  et  And  the  localization 
of  a  fault !  Is  it  possible,  then,  to  tell,  when  on  land,  or 
aboard  ship,  how  far  off  a  fault  may  be,  even  when  buried 
fathoms  deep  below  the  surface  of  the  ocean  ?  ”  “  Bead  earth , 

too  !  what  is  that  ?  ” 

Now,  it  must  be  conceded  at  once  that  interrogations  of 
this  sort  were  not  at  all  surprising,  for  practical  electricians 
have  had  so  many  difficulties  to  contend  with,  difficulties 
which  a  newspaper  reporter,  or  “  our  own  correspondent,” 
could  of  course  solve  with  a  wave  of  his  omnipotent  pen,  but 
which  so  fully  engross  the  attention  of  the  truly  scientific 
workman,  and  which  beget  in  him  so  much  diffidence  that  he 
rarely  turns  aside  to  talk  much  about  what  he  is  doing,  for 
two  very  obvious  reasons,  first,  that  he  hasn’t  time,  and 
secondly,  that  he  fears  he  may  have  to  unsay  one  week  what 
he  has  said  but  a  week  before;  and  hence  it  is  that  he 
makes  an  immense  amount  of  real  progress  long  before  the 
public  know  that  he  is  doing  anything  at  all.  And  when  he 
does  begin  to  speak  he  appears  to  have  acquired  a  new 
language  wherewith  to  describe  the  phenomena  with  which  he 
has  become  acquainted,  and  which  to  the  uninitiated  appears 
almost  an  unknown  tongue.  The  only  thing,  therefore,  left 
for  us,  the  public,  to  do  under  the  circumstances,  is  patiently 
to  inquire  and  learn. 

VOL.  ix. — xo.  i. 
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As  tlie  conductivity  of  a  line,  or  cable,  is  the  first  indis¬ 
pensable  property,  without  which  all  others  are  useless,  it  will 
occasion  no  surprise  that  so  much  pains  were  taken  to  ascer¬ 
tain  the  conducting  power  of  the  Atlantic  cable  during  its 
submersion,  and  that  tests  were  applied  with  such  frequency 
in  order  to  determine  whether  it  was  impaired  or  improved. 

And  now,  at  the  onset,  it  is  well  to  recal  to  our  minds  the 
fact  that  all  conducting  substances  are  not  equally  good.  Just 
as  the  best  of  men  are  but  men  at  best  A  so  the  best  of  con- 
ductors  are  but  imperfect  ones  after  all ;  that  is  to  say,  if  a 
Sfiven  amount  of  electric  force  be  made  to  enter  a  wire  at  one 
end,  only  a  part  of  it  will  reach  the  other  end,  owing  to  the 
obstruction  or  resistance  it  meets  with  in  the  material  of  the 
conductor,  the  remaining  portion  of  the  electric  force  having 
been  absorbed  in  overcoming  the  resistance  thus  opposed  to 
it.  Those  substances  which  offer  least  resistance  are  called  the 
best  conductors,  those  which  offer  most  resistance  are  called 
the  worst  conductors.  If  the  resistance  thus  presented  by 
any  substance  be  very  great,  such  a  substance  is  called  an 
insulator ;  but  as  this  resistance  is  never  so  great  as  to  entirely 
prevent  the  escape  of  any  of  the  electric  force,  it  follows  that 
we  have  no  perfect  insulators ,  as  well  as  no  perfect  conductors. 

It  follows,  also,  that  the  distinction  between  the  two  is  one 
of  degree  rather  than  of  kind,  and  that  the  instruments  which 
serve  to  test  the  efficiency  of  the  one,  will  also  serve  for  the 
other. 

The  one  indispensable  instrument  used  for  testing  is  the 
galvanometer.  Whatever  form  or  name  it  may  assume, 
whether  “  detector,”  or  “  test-box,”  or  any  other  name  con¬ 
venient  to  workmen,  in  principle  it  is  the  galvanometer  that 
gives  the  essential  indications  in  all  cases. 

Glalvanometors  are  of  various  forms,  and  of  various  names. 
All  recent  modifications  of  the  instrument  have  been  made 
with  a  view  to  greater  delicacy  and  sensibility.  This  was  pre¬ 
eminently  the  case  in  the  construction  of  the  testing  apparatus 
used  in  connection  with  the  late  Atlantic  cable.  For  reasons 
easily  comprehended  by  electricians,  it  was  decided  to  work 
this  line  with  a  very  low  battery  power,  so  low,  indeed,  that, 
as  I  am  informed  by  those  engaged  in  the  expedition,  the 
testing  apparatus  used  on  the  ordinary  terrestrial  lines  would 
not  show  the  faintest  indication  of  a  current  through  the  con¬ 
ducting  wire.  Hence  arose  the  necessity  for  that  instrument 
of  which  we  have  lately  heard  so  much,  but  of  which  we  have 
seen  so  little,  the  mirror  galvanometer. 

The  necessity  for  this  instrument  arose  out  of  the  following 
circumstances.  The  ordinary  galvanometer  consists,  as  is  well 
known,  of  a  small  magnetic  needle,  which  is  acted  up  on  by  the  coils 
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of  an  insulated  wire,  through  which  the  voltaic  current  is  passing. 
When  such  a  current  is  strong,  the  needle  moves  with  great 
freedom  and  readiness,  and  in  the  infancy  of  the  science 
showed  with  sufficient  accuracy  the  amount  of  electro-motive 
force  given  out  by  a  battery.  But  when  instruments  were 
required  which  should  indicate  and  measure  the  faintest  cur¬ 
rents  that  traversed  a  line,  these  magnetic  needles  were  made 
smaller  and  smaller,  in  order  to  diminish  their  weight,  until 
they  were  made  too  small  to  admit  of  their  movements  being 
distinctly  seen.  An  angular  deflection  of  one  degree  on  such 
a  needle  was  scarcely  discernible  by  the  eye,  and  yet  this  was 
an  amount  many  times  greater  than  what  it  was  desirable  to 
have  the  means  of  detecting.  In  this  emergency,  recourse  was 
had  to  a  well  known  law  in  geometrical  optics,  and  an  instru¬ 
ment  was  constructed  whose  index,  or  pointer,  was  a  ray  of 
light ,  a  pointer  that  could  be  made  of  any  length,  and  yet 
remain  absolutely  without  weight.  As  this  is  one  of  the  most 
simple  and  beautiful  applications  of  optical  science,  I  will  give 
both  the  geometrical  and  experimental  demonstration  of  the 
law  here  referred  to ;  this  will  at  the  same  time  render  the 
comprehension  of  the  principle  of  the  galvanometer  so  easy  as 
to  supersede  the  necessity  for  much  further  description. 


the  angles  of  incidence  and  reflection  respectively,  P  0  a  perpen¬ 
dicular  to  the  mirror  at  the  point  0.  Then ,  if  the  mirror  revolve 
in  the  jolane  of  the  angles  of  incidence  and  reflection  through  an 
angle ,  MOM'  the  reflected  ray,  0  II,  will  pass  over  an  angular 
distance ,  BOB',  just  double  that  described  by  the  mirror  itself. 

Draw  P/  0  perpendicular  to  the  mirror  when  it  has  moved 
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through  the  angle  MOM'.  Make  P'  0  Pc'  equal  to  I  0  P  ,  then 
0  R/  is  the  new  position  of  the  rav  0  R. 

Then,  since  I  OP  =  IOP  +  POP' 

therefore  its  equal  P'  0  R'  =  I  O  P'  +  P  0  P' 

By  addition,  IOP  +  FOR'  =  2  IOP  +  2  POP' 
and  therefore  IOR' =  2  IOP  +  2  POP  (1) 

But  IOP  +  POR  =  2IOP 

therefore  IOR  =  2  IOP  (2) 

Subtracting  (2)  from  (1) 

I  OR'- 1  OR  =  2  POP' 

That  is  ROR'  =  2  POP'  =  2  MOM'. 

Now,  R  0  R'  is  the  angular  distance  over  which  the  ray  0  R 
passes  while  the  mirror  revolves  through  M  0  M',  and  is  here 
proved  equal  to  twice  M  0  M'. 

If  to  the  bottom  of  the  mirror  a  lath  (P  0)  be  fastened,  and 
made  to  work  on  a  pivot  at  0,  and  a  circular  scale  be  provided 
to  measure  the  angular  movement  of  the  lath  P,  an  experi¬ 
mental  demonstration  of  the  same  law  may  be  made.  In  the 
side  of  a  lamp,  L,  make  a  fine  slit,  and  place  it  so  as  to  throw 
a  ray  of  light  upon  0  :  the  ray  will  be  reflected,  and  will  cross 
the  scale  on  the  opposite  side  of  the  lath,  P,  and  at  a  distance 
equal  to  that  at  which  it  crossed  it  on  its  way  from  the  lamp  to 
the  mirror.  Now  move  the  lath  so  that  the  end  P  shall  move 
one  degree.  The  mirror  being  fixed  to  the  lath  will  also  make 
an  angular  movement  of  one  degree ;  but  on  examining  the 
new  position  of  the  reflected  ray,  it  will  be  found  that  it  has 
moved  two  degrees.  By  giving  the  lath  different  positions, 
and  at  the  same  time  watching  the  movements  of  the  reflected 
nay,  it  will  always  be  found  that  the  angular  movement  of  the 
latter  is  double  that  of  the  former. 

From  this  description  it  will  be  manifest  that  if  in  the  place 
of  the  lath,  P  O,  we  had  a  short  magnet,  the  extremity  of 
which  moved  through  the  1-1 00th  part  of  an  inch,  a  quantity 
much  too  small  to  be  observed  by  the  eye,  a  ray  of  light  under 
the  same  circumstances,  reflected  upon  a  screen  at  a  distance 
from  the  mirror  equal  to  fifty  times  the  length  of  the  magnet, 
would  describe  on  the  screen  a  distance  of  twice  fifty  times  as 
great.  In  other  words,  if  the  extremity  of  this  short  magnet 
moved  through  a  space  of  1-1 00th  of  an  inch,  the  “  index 
light  33  on  the  screen  would  move  one  inch.  By  this  contrivance, 
therefore,  we  may  secure  a  long  pointer  without  weight,  and 
thus  magnify  a  small  invisible  angular  motion  so  as  to  render 
it  easily  discernible  to  the  naked  eye. 

The  way  in  which  these  principles  are  applied  in  the  con¬ 
struction  of  the  galvanometer  is  shown  in  Fig.  2,  where  0  is  a 
coil  of  wire,  the  ends  of  which  are  connected  with  the  con¬ 
ducting  wire,  so  as  to  form  part  of  the  circuit.  In  the  centre 


Marine  Telegraphy . 


21 


of  this  coil  is  a  small  magnetic  needle.  A,  and  immediately 
above  the  needle  a  small  mirror,  B.  These  two  are  fixed 
together,  and  suspended  by  a  single  fibre  of  unspun  silk.  The 
action  of  the  earth's  magnetism  upon  the  needle,  A,  is  neu- 
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tralized  by  the  magnet,  hi  S,  which  revolves  horizontally  on 
its  centre,  by  which  arrangement  the  needle  can  be  made  to 
assume  any  position  desired.  M  is  a  milled  head,  by  which 
these  motions  are  effected ;  P  Q,  a  wooden  screen,  on  which  a 
scale  is  drawn,  the  zero  point  being  at  Z.  Immediately  under 
the  zero  is  a  narrow  slit,  Y,  through  which  the  light  of  a  lamp 
placed  behind  the  screen  issues,  and  falls  on  the  mirror,  B. 
This  mirror  is  so  adjusted  by  the  action  of  the  magnet  N  S  upon 
the  needle  A,  as  that  the  ray  which  issues  from  the  slit,  and 
falls  upon  the  mirror,  shall  be  reflected  back  into  the  slit  again ; 
such  adjustment  being  made  while  the  apparatus  is  discon¬ 
nected  from  the  battery.  On  connecting  the  ends,  E  E,  with 
the  battery,  and  thus  placing  them  “  in  circuit,"  a  very  faint 
trace  of  electric  force  in  the  wire  will  be  sufficient  to  make  the 
index  light  diverge  more  or  less  from  the  zero  point. 

We  have  given  this  minute  account  of  the  principles  and 
construction  of  the  reflecting  galvanometer,  because  of  its 
great  and  growing  importance  in  connection  with  marine 
telegraphy.  By  its  aid  the  insulation  and  conductivity  of  a 
wire  are  tested,  and  faults  detected  and  localized ;  and  it  is 
even  proposed  to  work  long  deep-sea  cables  by  means  of  so 
low  a  battery  power  as  to  require  the  constant  use  of  this 
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sensitive  instrument  in  tlie  transmission  and  reading-off  of 
messages. 

In  all  measurements  it  is  well  known  to  be  essential  that 
some  clearly  defined  unit  must  be  used,,  just  as  in  estimating 
and  recording  lengths  we  use  the  foot  or  yard  •  in  weights,  the 
grain  or  ounce ;  in  mechanics,  the  <e  foot-pound ; in  angular 
measure,  the  degree  ;  in  time,  the  day  or  hour ;  so,  in  the 
measurement  of  electrical  force  some  standard  unit  must  be 
devised,  to  which  all  other  manifestations  of  such  force  may 
be  compared,  and  by  which  it  may  be  measured.  Of  the 
various  units  which  have  been  suggested,  the  one  chiefly 
in  use  in  England  is  the  <c  Yarley  unit,"”  namely,  that  adopted 
by  Mr.  Varley,  electrical  engineer  to  the  International  Tele¬ 
graph  Company.  It  consists  of  a  mile  of  No.  16  copper 
wire ,  and  (after  being  wound  round  and  insulated  with  silk) 
is  coiled  upon  a  bobbin.  Such  a  coil  is  called  a  resistance 
coil ,  because,  as  we  have  already  said,  every  conductor  offers 
some  amount  of  resistance  to  the  passage  of  the  electric  force. 
Since  the  resistance  of  a  conductor  is  always  in  the  direct  pro¬ 
portion  of  its  length,  it  follows  that  two  such  coils,  when  joined, 
wmild  offer  twice  the  resistance  of  one ;  and  ten  of  them,  ten 
times  the  resistance  of  one,  and  so  forth. 

Suppose,  now,  that  we  had  a  mirror  galvanometer  before 
us.  Connect  the  coil  of  the  galvanometer  with  one  resistance 
coil,  and  apply  a  low  battery  power.  The  index  light  would 
be  deflected  to  a  certain  extent,  and  the  graduation  at  which  it 
rests  should  be  noted  down.  Now  put  two  resistance  coils  in 
circuit,  the  battery  and  all  other  things  remaining  the  same. 
The  deflection  of  the  index  light  will  now  be  somewhat  less, 
and  it  will  rest  at  a  point  a  little  nearer  the  zero,  that  is  the 
centre  of  the  scale.  Note  this  point  also,  and  then  apply  an 
increasing  number  of  coils  in  succession,  all  other  things 
remaining  as  before,  and  we  shall  have  a  number  of  points  on 
the  scale  noted  down  which  correspond  to  a  definite  number 
of  units  of  electrical  force.  But  as  no  two  batteries  are  exactly 
equal  in  powmr,  and  no  two  conductors  offer  precisely  the  same 
resistance  mile  for  mile,  it  is  necessary,  when  accurate  measure¬ 
ments  have  to  be  taken,  to  make  adjustments  as  here  described 
at  the  commencement  of  every  operation. 

Resistance  coils  may  be  made,  and  are  made,  of  wires  much 
finer  than  those  just  named,  and,  if  desirable,  of  different  metals. 
Homogeneity  of  material,  and  fineness  of  the  wire,  are  the  two 
chief  characteristics  sought  for  in  selecting  the  substance  of 
which  resistance  coils  are  made.  The  former  property  tends 
to  secure  uniformity  of  results,  the  latter  economises  space,  and 
diminishes  the  weight  of  the  apparatus. 

If,  now,  we  suppose  a  battery  connected  wdth  one  end  of  a 
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cable  as  it  lies  coiled  up  inside  tlie  tank,  before  submersion  in 
tke  ocean,  and'  a  galvanometer  attacked  to  tke  other  end  of 
the  cable,  on  completing  the  circuit,  a  current  of  electric 
force  would  traverse  the  conducting  wire,  and  cause  a  deflec¬ 
tion  of  the  magnetic  needle,  which  deflection  would  be  indi¬ 
cated  by  the  movement  of  the  index  light  along  the  scale.  Its 
position  should  then  be  noted.  Then,  with  the  same  battery 
power  and  galvanometer,  send  a  current  through  a  number 
of  resistance  coils,  increasing  or  diminishing  their  number  till 
the  index  light  stands  at  the  same  point  as  when  the  current 
was  sent  through  the  cable.  The  number  of  coils  so  required 
will  give  the  number  of  units  of  resistance  presented  by  the 
conducting  wire. 

It  will  thus  be  seen  that  the  conductivity  of  a  wire  is  always 
estimated  by  determining  the  resistance  it  offers  to  the  passage 
of  the  electric  force,  this  conductivity  always  corresponding  to 
the  residue  of  such  force  after  all  resistances  have  been  over¬ 
come,  the  one  being  inversely  as  the  other. 

If,  while  the  cable  is  being  submerged,  similar  tests  be 
applied,  the  index  light  may  be  a  trifle  more  or  less  distant 
from  the  zero  point  of  the  scale.  If  more  distant  it  is  because 
the  residual  force  is  greater,  and  causes  a  greater  deflection  of 
the  needle ;  if  less,  because  the  residual  force  is  less,  and  acts 
more  feebly  on  the  needle.  Such  tests  may  be  continually 
applied  to  a  cable  during  submersion,  and  if  the  index  light 
under  such  circumstances  remains  steady,  the  inference  is  that 
the  conducting  poiver  of  the  cable  remains  unimpaired. 

The  conducting  power  of  a  cable  is  very  seriously  affected 

bv  the  nature  of  the  substance  used  for  insulation,  because,  as 
«/  #  '  ' 

we  have  already  said,  there  are  no  perfect  insulators,  any 
more  than  there  are  perfect  conductors.  For  this  purpose,  it  is 
well  known,  gutta-percha  and  india-rubber  are  universally 
used.  Now  it  is  recorded  in  the  journal  of  the  last  Atlantic 
expedition,  that  the  insulation  of  the  wire  actually  improved 
after  submersion  in  the  deep  sea,  and  it  becomes  a  question 
whether  this  improvement  arose  from  the  action  of  the  sea¬ 
water,  or  whether  it  was  simply  a  result  of  the  superincumbent 
pressure — a  question  as  yet  unanswered. 

Thus  far  we  have  regarded  the  cable  as  perfect  in  structure. 
But  experience  shows  that  it  is  extremely  difficult  to  make 
such  a  cable,  and  still  more  difficult  to  preserve  one  in  such 
a  state  of  integrity  even  when  made.  Hence  arise  the  pheno¬ 
mena  of  (C  faults.”  We  shall  not  stop  here  to  notice  the 
different  kinds  of  faults  which  have  been  distinguished  and 
classified  by  electricians;  the  only  one  demanding  our  imme¬ 
diate  attention  is  that  which  arises  from  defective  insulation. 
Such  defect  may  be  caused  by  the  wearing  away  of  the  outer 
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protective  covering,  or  by  its  violent  removal,  or  it  may  bo 
caused  by  the  intrusion  of  some  conducting  substance  into  the 
body  of  the  cable,  so  as  to  form  a  communication  between  the 
copper  conducting  wire  in  the  centre,  and  the  water  or  earth 
outside. 

Let  us  suppose,  now,  that  in  the  process  of  laying  the  cable, 
the  index  light,  after  remaining  steady  for  several  hours,  or 
even  days,  suddenly  moves  away  from  the  centre  of  the  scale, 
and  perhaps  flies  off  altogether.  Such  an  occurrence  would 
lead  to  a  course  of  inferences  as  follows  : — The  movement  of 
the  light  from  the  zero  point  must  have  been  caused  by  the 
increased  deflection  of  the  galvanometer  needle.  This  increased 
deflection  indicates  the  circulation  of  a  more  rapid  and  powerful 
current  through  the  coil,  which  acts  on  the  needle ;  but  this 
more  powerful  current  could  have  been  produced  only  by  in¬ 
creasing  the  battery  power,  or  by  some  change  in  the  condition 
of  the  conducting  wire.  In  the  present  instance  we  may 
dismiss  the  alternative  of  change  of  battery,  as  such  a  fact 
may  be  at  once  ascertained,  and  confine  our  attention  to  the 
change  which  has  taken  place  in  the  condition  of  the  con¬ 
ducting  wire.  The  fact  immediately  deducible  from  the  in¬ 
creased  velocity  and  vigour  of  the  current  is,  that  the  resist¬ 
ance  offered  by  the  conducting  wire  has  been  diminished ; 
and  this  would  happen,  as  it  very  often  does  on  all  lines,  ter¬ 
restrial  as  well  as  submarine,  in  consequence  of  the  wearing 
away,  or  violent  removal  of  the  insulating  substance  with 
which  the  conducting  wire  is  covered.  A  portion  of  a  wire 
thus  exposed  constitutes  a  “  fault  A  Before  such  a  fault- 
occurred  the  electric  current  left  the  ship,  traversed  the  whole 
length  of  cable  till  it  reached  the  land,  and  returned  thence 
through  the  earth  to  the  ship.  But  after  the  fault  has  occurred, 
the  current,  in  virtue  of  its  tendency  always  to  take  the  shortest 
available  course,  will  escape  through  the  fault  partly,  but  not 
wholly,  and  one  portion  of  the  current  will  return  to  the  ship 
through  the  water,  while  the  other  pursues  its  original  path 
along  the  conducting  wire.  Owing,  however,  to  the  large 
amount  of  conducting  surface  presented  by  the  water,  most  of 
the  electric  force  would  return,  and  the  portion  of  the  current 
which  traversed  the  wire  beyond  the  fault  would  be  proportion¬ 
ately  feeble.  Hence  it  is  of  the  greatest  importance  when  a 
fault  occurs  that  accurate  observations  should  be  made  at  each 
end  of  the  line,  and  by  a  careful  comparison  of  the  indications 
offered  by  the  galvanometer  at  each  end  many  inferences  may 
be  deduced,  and  the  fault  “localized ”  with  more  or  less 
accuracy.  Let  C,  Fig.  3,  be  the  coil  of  cable  in  the  ship ;  F, 
a  fault  in  that  portion  of  the  cable  which  has  been  payed  out. 
Let,  also,  the  electricians  on  board  ship  transmit  signals  to  the 
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shore  end.  They  would,  of  course,  be  weak,  because  much  of 
the  electric  force  escapes,  and  returns  to  the  ship.  Now,  let 


c  fig: 3. 


those  on  shore  transmit  similar  signals  to  the  ship.  A  large 
portion  of  the  electric  force  would  in  like  manner  escape  at 
the  fault,  and  return  to  land,  but  the  portion  that  traversed 
the  wire  would  reach  the  ship,  pass  through  the  coil  of  cable, 
and  move  the  galvanometer.  Suppose  that  on  comparing  the 
signals  on  land  and  aboard,  it  is  found  that  they  are  equal, 
and  battery  power  and  other  circumstances  were  equal,  it 
would  be  a  tolerably  safe  conclusion  that  the  fault  lay  midway 
between  the  two  ends  of  the  cable.  The  length  of  the  cable 
being  known,  and  the  length  of  the  portion  on  board  being 
ascertainable,  we  have  only  to  subtract  the  length  on  board 
from  half  the  entire  length,  and  the  difference  gives  the  dis¬ 
tance  of  the  fault  from  the  ship.  Unfortunately,  few  cases 
which  occur  in  practice  are  so  simple  as  this,  and  the  reduc¬ 
tions  which  are  necessary  in  order  to  “  localize  ”  a  fault,  when 
the  signals  at  each  end  vary  in  intensity,  are  extremely  tedious 
and  difficult. 

Sometimes  it  happens,  as  in  the  late  Atlantic  expedition, 
that  the  cable  parts  completely,  in  which  case  it  is  evident 
no  signals  can  be  transmitted  from  one  station  to  another. 
The  current  then  returns  wholly  through  the  water  back  to 
the  battery  from  whence  it  issued ;  the  battery  itself  works 
harder,”  to  keep  up  a  supply  of  force  to  meet  the  extra  demand 
caused  by  the  large  conducting  surface  now  open  to  it,  and 
the  stations  at  each  end  witnessing  similar  phenomena,  though 
quite  detached  from  each  other,  report  “  dead  earth,”  a  term 
long  in  use  by  land  electricians,  and  implying  simply  that  all 
the  electric  force  transmitted  by  a  battery  returned  through 
the  earth  to  the  station  from  which  it  was  issued. 

A  word  or  two  on  the  subject  of  grappling  for  a  broken 
cable.  “  Grappling”  and  hauling”  are  words  in  frequent 
use,  and,  as  commonly  employed,  denote  operations  ex¬ 
tremely  simple  and  familiar.  But  grappling  for  an  object 
2 2  miles  below  the  surface  of  the  ocean,  and  hauling  from 
a  depth  so  great,  are  operations  which,  till  recently,  have 
scarcely  entered  mew’s  minds.  Suppose  a  cable  to  have  been 
hooked ,  let  us  consider  for  a  moment  what  remains  to  be  done 
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before  it  is  brought  to  the  surface.  We  may  imagine  it  lying 
in  a  line  on  the  sea  bed  B  B'  B" ,  and  that  it  is  hooked  at  a  dis¬ 
tance  one  mile  from  the  broken  end — say  at  the  point  C. 


fig:  4. 


Taking  B  as  the  end  of  the  cable,,  we  may  regard  that  part  of 
it  which  lies  on  the  right  of  0  as  fixed  somewhere  about  B" 3 
while  the  portion  to  the  left  of  0  will  be  held  down  by  the 
weight  of  the  cable  simply.  This  weight  is  about  14  cwt.  per 
mile ;  but  as  it  is  distributed  over  the  entire  mile  of  cable,  the 
pressure  upon  any  limited  portion  of  it  is  but  small.  Never¬ 
theless,  it  is  sufficient  to  cause  a  considerable  amount  of  fric¬ 
tion  between  the  cable  and  the  ground,  and  would  therefore 
render  necessary  a  strong  force  to  overcome  it.  But  this 
friction  is  much  increased  by  the  pressure  of  the  superincum¬ 
bent  water,  which,  at  the  depth  of  24  miles,  amounts  to  up¬ 
wards  of  50  cwt.  on  every  square  inch  of  the  cablets  surface. 
Of  course,  such  a  pressure  as  this,  if  transmitted  by  a  solid 
substance  everywhere  in  contact  with  the  end  of  the  cable, 
would  hold  it  as  firmly  as  though  it  were  in  a  vice  ;  but  owing 
to  the  easy  mobility  of  the  water,  and  the  partial  mobility  of 
the  particles  of  ooze,  the  friction  is  much  diminished.  It  is 
still  sufficient  to  add  very  materially  to  that  caused  by  the 
weight  of  the  cable  pressing  on  the  sea  bed,  and  the  force 
required  to  cause  a  mile  of  cable  to  slide  over  the  bed  would 
be  much  greater  than  is  commonly  supposed.  To  the  force 
necessary  to  cause  the  cable  to  slide  must  be  added  the  weight 
of  so  much  of  the  cable  as  is  lifted  from  the  ground,  shown  in 
the  diagram  extending  from  A  to  A',  and  calculated  at  the 
rate  of  14  cwt.  per  mile  :  we  have  then  an  idea  of  the  resistance 
offered  to  the  grappling  line  at  C.  While  C  is  but  a  short 
distance  from  the  ground  the  strain  on  the  cable  will  be  but 
small ;  and  so  long  as  any  slackness  or  irregularity  in  the 
cable  remains  anywhere  near  0,  it  will  rise  without  any  im¬ 
portant  increase  of  strain.  But  when  the  cable  reaches  the 
point  C',  and  the  portions  C  A  and  0  A'  are  stretched  tight,  it 
is  then  that  the  resistances  of  friction  and  weight  come  into 
full  play,  and  the  question  is,  which  will  yield  first ;  that  is, 
when  the  grappling-iron  is  tugging  at  the  point  CT,  will  the 
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portion  B  A,  perhaps  half  or  three-quarters  of  a  mile  in  length, 
begin  to  slide ,  or  will  the  cable  snap  asunder  ?  The  answer  to 
this  question  can  be  given  by  experiment  alone.  We  have  no 
means  of  ascertaining  the  “  co- efficient  of  friction”  betwixt 
the  cable  and  the  sea  bed,  and  therefore  the  data  for  an 
d  priori  determination  of  the  result  are  wanting*.  The  engi¬ 
neers  who  witnessed  the  late  experiments  appear  sanguine ; 
nevertheless,  we  have  the  plain  facts  before  us,  that  when  the 
cable  was  lifted  some  distance  from  the  bottom — if,  indeed,  it 
were  lifted  at  all — the  strain  became  so  great  as  to  break  every 
line  they  used.  The  hauling  lines  and  tackle  they  can  make 
as  strong  as  they  choose ;  but  the  cable  is  what  it  is,”  and 
nothing  that  engineers  can  do  will  make  it  stronger,  or  the 
resistance  it  has  to  overcome  less. 

We  have  all  along  taken  for  granted  that  the  cable  has 
really  been  “  hooked.”  The  evidence  which  guided  the 
engineers  to  this  conclusion  appears  to  consist  chiefly  in  the 
fact  that  there  was  a  gradually-increasing  strain  upon  the 
dynamometer.  Now,  the  rate  of  increase  of  strain  recorded 
in  the  journal  of  the  expedition  is  precisely  what  might  be 
expected  to  result  from  the  gradual  straightening  of  the 
hauling  lines,  in  connection  with  the  more  disadvantageous 
position  of  the  ship  as  it  approached  a  line  more  nearly  per¬ 
pendicular  to  the  cable  itself ;  and  as  the  hauling  tackle  always 
gave  way  at  the  moment  when  the  cable  was  supposed  to  be 
leaving  the  ground,  it  is  extremely  doubtful  whether  the 
grappling-irons  actually  touched  the  cable,  or  whether  it  might 
not  have  been  held  down  by  some  other  body.  As  to  whether 
the  recovery  of  the  late  cable  is  possible  or  not,  is  altogether 
another  question ;  but  after  three  attempts  to  lay  an  Atlantic 
cable,  and  the  third  failure  scarcely  recorded  before  a  fourth 
attempt  is  unanimously  resolved  on,  one  feels  that  we  are  in 
the  presence  of  men  who  are  threatening*  to  expunge  the  word 
f<r  impossible”  from  our  vocabularies. 
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TRUFFLES  AND  MORELS. 

BY  THE  REV.  M.  J.  BERKELEY  M.A.,  E.L.S. 

(With  a  Tinted  Plated) 

Though  truffles  are  a  constant  ingredient  in  all  first-class 
cookery,  and  the  humble  hash  is  frequently  flavoured  with 
morels,  I  have  often  been  surprised  how  very  few  in  comparison 
have  a  definite  knowdedge  of  their  nature,  or  even  distinguish 
between  them  so  far  as  to  know  which  is  which.  It  is  easy, 
however,  to  point  out  very  palpable  differences,  as,  for  example, 
the  truffle  grows  beneath  the  surface  of  the  soil,  the  morel 
always  exposed ;  the  one  is  more  or  less  solid  and  sessile,  the 
other  hollow  and  seated  on  a  long  stalk  ;  the  surface  of  the  one 
is  hard  and  cracked  into  pyramidal  wart-like  excrescences,  the 
other  soft  and  pitted  like  a  honeycomb  ;  the  one  has  the  fruit 
internal,  the  other  external.  This  is  all  very  plain,  so  long  as 
we  keep  to  the  common  truffle  of  commerce ;  but  when  other 
truffles  are  taken  into  consideration,  and.  when  we  look  at  the 
matter  from  a  scientific  point  of  view,  some  of  these  differences 
vanish,  and  we  are  even  obliged  to  admit  that  there  are  certain 
truffles  which  approach  very  near  in  character  to  morels. 

It  is  a  great  mistake  to  suppose  that  there  are  only  a  very 
few  kinds  of  truffles.  W  e  have  nearly  forty  distinct  species  in 
Great  Britain,  and  France  and  Italy  can  boast  probably  of  double 
that  number,  of  which,  however,  onty  a  few  are  considered  as 
articles  of  food  or  condiments.  yittadini  made  us  acquainted 
with  the  latter,  and  the  Messrs  Tulasne  with  the  former,  both 
in  works  of  first-rate  character,  and  of  which  that  of  Messrs. 
Tulasne  can  scarcely  be  surpassed  for  beauty  of  illustration  and 
correctness  of  description,  while  the  researches  of  Messrs. 
Broome  and  Thwaites,  in  the  West  of  England,  have  made 
known  to  us  far  the  larger  portion  of  the  British  species. 
Few  botanical  researches,  whether  practical  or  scientific,  require 
more  patience  and  perseverance.  Even  with  the  help  of  a  dog“, 
the  labour  of  collecting  is  by  no  means  despicable,  and  where 
there  is  not  this  appliance,  it  is  scarcely  possible  to  estimate 
the  amount  of  zeal  and  judgment  which  is  necessary  to  secure 
specimens  in  such  condition  and  number  as  may  be  available 
for  accurate  discrimination.  The  Italian  dogs  are  trained  to 
such  a  pitch  of  excellence,  that  the  labour  is  much  diminished. 
Yittadini  had  dogs  so  perfectly  trained,  that  he  had  only  to  let 
them  smell  any  particular  species,  and  they  would  hunt  for  that 
alone.  In  England,  it  requires  great  watchfulness  to  prevent 
the  dog  swallowing  the  truffle  which  he  has  found ;  but  the 
truffle  poachers  in  Italy  train  their  dogs  so  well,  that  they  will 
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go  into  a  wood,  and  fetch  out  the  truffles  uninjured,  and  with¬ 
out  making  the  slightest  noise.  Truffles  always  command  a 
good  price  in  the  market,  and  their  collection  would  be  very 
lucrative,  were  it  a  matter  of  less  speculation  and  uncertainty. 
Occasionally  a  lucky  hit  is  made,  and  in  a  few  hours  there  is 
an  excellent  return  for  labour.  A  few  years  since,  Mr.  Broome 
hit  upon  a  small  but  very  productive  plantation  in  Wiltshire, 
which  had  entirely  escaped  the  notice  of  the  truffle-hunters. 
He  communicated  his  discovery  to  one  of  the  Salisbury  plain 
collectors,  who  afterwards  told  him  that  he  obtained  as  many 
truffles  from  that  spot  as  brought  him  ten  pounds. 

It  is  often  supposed  that  truffles  are  found  only  under  beech 
trees.  This  is,  however,  quite  untrue.  In  Poitou  far  the  most 
productive  localities  are  young  oak  plantations,  which  are  often 
made  purposely  on  the  downs,  with  a  view  to  their  natural 
production.  A  mixture  of  firs  with  oak  or  beech  is  not  ineli¬ 
gible,  and  I  have  known  truffles  found  in  numbers  under  hazels. 

Amongst  other  curious  theories  about  their  production,  it  has 
been  imagined  that  they  are  derived  from  the  juices  of  the 
roots  of  trees  which  have  been  pierced  by  insects.  This  has, 
perhaps,  partly  arisen  from  confusion  with  certain  galls  which 
grow  on  the  roots  of  oaks,  and  partly  from  the  fact  that  the 
site  of  truffles  is  often  indicated  by  certain  beetles  which  have 
been  nurtured  in  the  interior  of  old  specimens,  and  which  have 
either  lately  assumed  their  perfect  state,  or  are  hovering  about 
the  truffle-grounds  with  a  view  to  deposit  their  eggs. 

Truffles,  with  a  very  few  exceptions,  may  be  regarded  as 
hypogseous  fungi — that  is,  fungi  developed  beneath  the  surface 
of  the  soil,  and  in  consequence  completely  masking  their  real 
affinities,  which  appear  only  on  close  inspection.  All  hypo- 
gasous  fungi  are  not,  however,  truffles.  Some  are  mere  forms 
of  common  aerial  fungi,  strangely  altered  by  their  peculiar 
situation ;  while  others  are  either  hybernating  forms  or  totally 
abnormal  conditions  of  mycelium. 

The  truly  hypogseous  species,  or  such  as  produce  perfect 
fruit  beneath  the  surface  of  the  earth,  are  divisible  into  three 
great  groups,  according  as  they  are  more  or  less  nearly 
related — 

1 .  To  the  higher  fungi,  as  Agarics  and  Boleti ; 

2.  To  the  ascigerous  fungi,  as  Peziza,  Helvella,  and  the 
Morels;  and 

3.  To  the  true  vesiculiferous  moulds,  as  Mucor. 

The  last  of  these  is  a  very  small  group,  consisting  of  small 
obscure  species,  none  of  which  are  of  any  economical  impor¬ 
tance,  and  which  would  never  be  considered,  in  any  popular 
point  of  view,  as  truffles.  I  shall,  therefore,  pass  by  these, 
and  confine  my  attention  to  the  two  first  groups. 
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The  first  contains  a  large  mass  of  species,  some  of  which 
are  of  considerable  size,  but  of  which  none,  as  far  as  I  am 
aware,  is  ever  admitted  into  our  cuisine,  with  the  exception 
of  the  red  truffle  of  Bath  (Fig.  5),  which  has  the  merit  simply  of 
giving  a  dark  colour  to  gravy,  without  improving  it  in  point  of 
flavour.  This  is  free  from  warts  externally,  but  has  a  few  flat, 
branched  fibres  running  over  the  surface.  A  closely  allied 
species  occurs  occasionally  either  alone  or  amongst  real  truffles, 
which  would  be  rejected  at  once,  or  if  used  at  all  could  only  be 
so  in  very  small  quantities,  as  it  has  a  strong*  scent  of  assafoe- 
tida,  and  indeed  is  utterly  detestable.  In  these  truffles  the 
hymenium  is  waved  and  branched  in  every  direction,  so  as 
to  present  a  large  spore-bearing  surface,  though  closely  packed 
within  a  coriaceous  covering,  which  has  no  immediate  commu¬ 
nication  with  the  outer  air.  The  spores  are  seated  on  distinct 
sporophores,  and  are  not  contained  within  asci  as  in  truffles 
proper  (Fig.  5a).  Various  modifications  occur  as  to  the  nature 
of  the  hymenium,  the  shape  and  sculpture  of  the  spores  ;  and 
the  outer  coat,  according  to  circumstances,  is  more  or  less 
attenuated,  till  in  Gauttieria  it  vanishes  altogether;  and  we 
have  a  close  affinity  with  Sparassis,  a  genus  which  was 
illustrated  in  the  Intellectual  Observer,  Feb.  1864. 

In  a  few  instances  we  have  dark  and  sombre  hues,  but  in 
many  cases  the  species  are  variously  coloured ;  while  in  Hyme- 
nogaster  carotoecolor  the  whole  is  of  a  bright  orange,  and  com¬ 
municates  a  clear  lemon  tint  to  substances  with  which  it  is 
placed  in  contact.  Most  of  the  species  are  rather  dry,  but  one 
at  least  abounds  with  a  milky  juice,  and  has  the  peculiar  smell 
of  some  of  the  milky  Agarics.  As  regards  the  truffles  proper, 
which  have  their  fructification  contained  in  little  transparent  sacs 
or  asci  (Fig.  6),  and  the  sporidia  of  which  are  often  of  a  com¬ 
paratively  large  size,  and  complicated  in  structure,  so  as  to  pre¬ 
sent  interesting  objects  under  the  microscope,  the  modifications 
are  not  less  numerous  than  in  the  first  division.  In  the  genus 
Tuber  itself,  which  is  the  most  typical,  while  Tuber  melano- 
sjporum,  the  common  highly-flavoured  truffle  of  Paris,  Tuber 
cestivum ,  the  truffle  of  our  own  markets,  and  two  or  three 
species  which  are  often  confounded  with  it,  have  the  surface 
warty  and  black.  There  are  other  species  with  rufous  small 
warts,  while  Tuber  magnatum,  the  pride  of  Italian  gourmands, 
is  smooth ;  and  instead  of  the  flesh  being  marbled  with  brown, 
as  in  ordinary  truffles,  it  presents  tints  like  those  of  pale  beet¬ 
root.  This,  from  its  high  qualities  and  rarity,  always  fetches  a 
great  price  in  the  market,  and  is  eagerly  bought  up  by  the 
rich.  A  friend  who  took  some  specimens  to  Vienna  in  the 
palmy  days  of  Austria,  was  eagerly  sought  out  by  the 
emperor’s  chef,  who  gladly  exchanged  pound  for  pound  with 
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tli ©  caravan  tea  of  Russia,  which  was  then  realizing  thirty- six 
shillings  the  pound.  There  are  other  truffles  belonging  to  this 
second  division  which  are  largely  consumed  in  some  parts  of 
Europe  and  Africa.  The  white  truffle  of  the  ancients,  belonging 
to  the  genus  Ter fezia, which  occurs  in  sandyplains  about  theroots 
of  different  species  of  Cistus,  is  eaten  in  large  quantities,  though 
it  has  little  to  recommend  it.  Some  friends  lately  saw  a  large 
basket  exposed  for  sale  in  Damascus,  and  I  have  received  fine 
specimens  from  Mogador.  As  in  the  last  group,  the  outer  coat 
varies  much  in  thickness,  and  in  one  or  two  genera,  which 
approach  very  near  to  Helvella  and  its  allies,  it  vanishes  alto¬ 
gether,  and  while  in  Hydnobolites  cerebriformis,  which  is  much 
eaten  in  Bohemia,  the  hymenium  of  which  is  still  complicated, 
there  is  merely  a  communication  with  the  outer  air  by  means 
of  the  sinuous  cavities,  in  Sphasrosoma  the  fructifying  surface  is 
almost  entirely  external,  and  simply  tuber  ciliated. 

Like  most  articles  of  food  which  are  not  in  general  use,  a  taste 
for  truffles  is  an  acquired  one  ;  but  those  who  are  once  accus¬ 
tomed  to  their  flavour  are  mostly  enthusiastic  in  their  praise. 
Some  persons,  however,  turn  from  them  with  disgust,  declaring 
that  they  resemble  nothing  so  much  as  an  old  shoe-sole  stewed. 
Possibly  they  may  have  been  so  unfortunate  as  to  meet  with  a 
specimen  which  had  been  attacked  by  the  beetle  Leiodes,  which 
certainly  does  not  improve  their  flavour.  Amongst  the  various 
modes  of  preparation,  none  equals  that  of  simply  roasting 
them  in  ashes,  when  they  retain  their  aroma  perfectly,  and  are 
a  great  delicacy ;  as  indeed  they  are  when  simply  boiled,  and 
sent  up  en  serviette — a  mode  far  superior  to  boiling  in  cham¬ 
pagne  or  claret,  which  rather  detracts  from  than  adds  to  their 
excellence. 

Truffles  are,  perhaps,  far  more  common  than  is  generally 
imagined,  though,  from  their  place  of  growth,  they  often  escape 
notice  in  countries  where  truffle  dogs  are  not  kept.  They  de¬ 
crease  in  frequency  as  the  latitude  becomes  higher ;  but  in  the 
centre  of  England  they  are  occasionally  very  abundant.  The 
sine  qua  non  seems  to  be  limestone,  so  far  as  the  genus  Tuber 
is  concerned.  For  example,  there  is  not  a  truffle  to  be  found 
in  the  sand  at  Kew,  while  at  Sion,  on  the  opposite  side  of  the 
river,  they  sometimes  occur. 

Attempts  at  cultivation  have  at  present  not  been  attended 
with  success.  The  spawn  of  truffles  proper  is  generally  very 
small  in  quantity,  and  is  said  sometimes  to  be  luminous  at 
night,  and  seems  rather  impatient  of  disturbance.  A  truffle- 
ground  with  which  I  had  been  well  acquainted  for  many  years, 
which  was  extremely  productive,  and  in  which  specimens 
occurred  occasionally  of  an  enormous  size,  entirely  lost  its  fer¬ 
tility  from  having  been  dug  over  to  procure  a  larger  supply  of 
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specimens.  In  some  truffles  belonging  to  other  genera,  the 
mycelium  is  abundantly  developed,  and  white  and  filmy,  so  as 
at  once  to  attract  notice. 

A  few  species  only  have  been  found  in  North  America 
belonging  to  the  two  groups,  and  the  same  may  be  said  of  the 
southern  hemisphere,  from  whence  a  small  number  has  been 
received.  The  warmer  parts  of  Europe,  however,  must  be 
regarded  as  the  most  prolific  region. 

It  is  time  to  say  a  few  words  about  morels,  which  have  been 
associated  with  truffles  in  this  article.  The  species  are  far  less 
numerous  than  truffles,  even  if  we  include  the  Helvellas,  and  a 
few  of  the  higher  Peziza3,  which  are  intimately  connected  with 
them.  Morels  have  a  wide  geographical  range ;  they  are 
abundant  in  some  parts  of  India,  as  well  as  in  Europe,  and  are 
largely  collected  and  exposed  for  sale  in  the  bazaars,  and  they 
are  found  in  various  localities,  both  of  the  Old  and  New  World. 
The  common  morel,  Morchella  esculenta  (Fig.  1),  like  most 
widely  diffused  species,  assumes  a  great  variety  of  forms,  and  is 
perhaps  the  only  one  of  the  genus  which  can  be  safely  recom¬ 
mended  as  an  article  of  food,  though  some  of  the  Helvellge  and 
one  or  two  Pezizae  are  not  to  be  despised.  Gyromitra  esculenta 
(Fig.  3),  though  frequently  eaten,  is  not  always  safe,  a  cir¬ 
cumstance  which  may  depend  rather  on  peculiarity  of  constitu¬ 
tion,  than  on  any  intrinsically  deleterious  properties.  Morels 
are  far  more  abundant  in  the  south  of  England  than  they  are 
as  we  proceed  northwards.  In  some  situations  they  occur  in 
large  quantities,  and  yield  an  excellent  ketchup,  but  the 
most  frequent  use  is  either  fresh  and  stuffed  with  minced  veal 
or  other  white  meat,  or  dried  as  a  general  ingredient  in  made 
dishes.  Morels  often  occur  where  the  ground  has  been 
charred,  a  circumstance  which  was  so  notorious  in  Germany, 
that  the  peasantry  often  burned  the  woods  to  promote  their 
growth,  insomuch,  that  stringent  laws  were  passed  to  stop  so 
evil  a  practice. 

As  regards  structure,  morels  are  far  more  simple  than 
truffles  proper,  though  more  nearly  allied  to  them  than  to  the 
truffles  of  the  first  division.  The  hymenium  consists  of  in¬ 
numerable  hollow  threads  arranged  like  the  pile  of  velvet, 
some  of  which,  called  paraphyses,  are  very  slender,  with  slightly 
incrassated  tips,  while  the  others  are  thicker,  cylindrical,  and 
very  obtuse,  and  contain  a  single  row  of  eight  elliptic  perfectly 
smooth  sporidia,  each  of  which  has  a  large  nucleus.  The 
outer  coat  of  these  sporidia  is  never  cellular  or  echinulate  as 
in  the  allied  truffles. 

No  attempts,  as  far  as  I  know,  have  ever  been  made  towards 
their  cultivation,  nor  is  it  very  likely  that  their  delicate  spawn 
would  be  able  to  be  preserved  like  that  of  mushrooms,  were  it 
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L— Morchella  esculenta. 
2.— Morchella  hybnda.. 

3: — Gyromitra  esculenta. 


4.  — Tuber  cestioum. 

5.  — Melanogaster  variegatus. 

6. — Ascus  cf  Tuber  rufum. 
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possible  to  get  it  to  run.  There  is  far  more  hope  of  success  as 
regards  truffles.  Their  artificial  production  would  not  only  be 
a  great  horticultural  triumph,  but  would  be  a  source  of  ample 
remuneration. 

OUR  PLATE  REPRESENTS, 

1.  Morchella  esculent  a,  with  a  conical  variety  reduced  to 
half  the  natural  size. 

2.  Morchella  hybrida ,  ditto. 

3.  Gyromitra  esculenta  (a  small  specimen). 

4.  Taber  cestivum ,  ditto. 

5.  Melanogaster  variegatus,  ditto,  a  Threads  with  spores 
on  their  sporophores. 

6.  Ascus  of  Tuber  rufum,  highly  magnified. 


OWEN  ON  THE  VERTEBRATES* * 

Following  up  his  Lectures  on  the  Comparative  Anatomy  and 
Physiology  of  the  Invertebrate  Animals ,  Professor  Owen  now 
presents  us  with  the  first  volume  of  another  work,  On  the  Ana¬ 
tomy  of  the  Vertebrates ,  and  when  this  work  is  completed  he 
will  have  finished  his  Outline  of  the  Organization  of  the  Animal 
Kingdom.  The  volume  before  us  commences  with  remarks  on 
the  modification  of  the  vertebrate  type  amongst  fishes,  reptiles, 
birds,  and  mammals,  and  then  proceeds  to  expound  the  anato¬ 
mical  characteristics  of  cold-blooded  vertebrates  designated 
hcematocrya.f  An  amazing  amount  of  information  is  com¬ 
pressed  within  the  six  hundred  and  fifty  pages  of  this  richly 
illustrated  volume,  which  in  itself  deserves  to  be  emphatically 
pronounced  a  great  work,  though  it  is  not  free  from  some 
scientific  defects,  and  does  not  always  display  the  best  spirit 
towards  certain  anatomists  and  physiologists  who  are  not  en¬ 
tirely  favourable  to  all  the  learned  Professor’s  views. 

In  another  preface.  Professor  Owen  speaks  of  the  several 
divisions  of  anatomical  science,  which  he  makes  more  nume¬ 
rous  than  sound  logic  requires.  Neither  the  study  of  structure 
nor  that  of  function  is  properly  divisible  into  two  parts,  the 
one  relating,  as  Professor  Owen  states,  to  existing  animals,  and 

*  On  the  Anatomy  of  the  Vertebrates.  Yol.  i.  “  Fishes  and  Beptiles.”  By 
Kichard  Owen,  F.B.S.,  Superintendent  of  the  Natural  History  Departments  of  the 
British  Museum,  Foreign  Associate  of  the  Institute  of  France,  etc.  Longmans. 

f  The  scientific  use  of  Greek  and  Latin  words  is  far  too  careless.  In  Cryo- 
phorus  and  hsemato crya,  the  first  half  of  the  first  word,  and  the  last  half  of  the 
second  have  the  same  derivation.  The  student  translates  the  first  wrord  frost- 
bearer,  while  the  second  is  not  frosty  blood,  but  only  blood  that  is  cooler  than 
that  of  the  birds  and  mammals. 
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the  other  to  those  which  did  exist  in  former  times,  but  whose 
fossil  remains  alone  bear  witness  to  the  fact  that  they  once 
belonged  to  our  globe.  It  is,  no  doubt,  convenient  for  some 
purposes  to  make  a  division  of  this  kind,  but  the  comparative 
anatomist  continually  requires,  not  only  all  that  is  known,  but 
more  than  is  known  concerning  creatures  that  are  extinct,  in 
order  to  explain  the  real  nature  and  true  position  of  those 
which  are  now  extant. 

Although  very  few  persons  outside  the  medical  profession 
study  anatomy  and  physiology  in  an  exact  or  profound  manner, 
yet  somewhat  of  the  modes  of  thinking  belonging  to  these 
great  and  complex  sciences,  together  with  some  notion  of 
their  leading  and  elementary  facts,  ought  to  enter  into  general 
education  ;  and  such  knowledge  is  indispensable  to  those  who 
desire  to  become  naturalists  or  microscopists  to  even  a  mode¬ 
rate  extent.  Yery  much  in  Professor  Owen^s  new  work  will 
conduce  to  this  end,  and  hundreds  of  readers  to  whom  many 
details  must  remain  unintelligible,  will  be  able  to  derive  both 
pleasure  and  profit  from  those  portions  w'hich  are  easily  under¬ 
stood. 

Professor  Owen  always  writes  in  a  simple,  good  style.  He 
introduces,  indeed,  a  large  quantity  of  technical  terms,  but  he 
is  careful  to  explain  them,  and  he  uses  them  for  the  rational 
purpose  of  precision,  and  does  not  intrude  hard  words  where 
plain  household  English  wrill  do  as  well. 

Noticing  some  of  the  “ways  of  anatomy”  which  he  de¬ 
scribes,  we  come  to  “  Homological  anatomy/'’  which  he  defines 
“as  seeking,  in  the  characters  of  an  organ  and  part  (those  chiefly 
of  relative  position  and  connection),  that  guide  to  a  conclusion 
manifested  by  applying  the  same  name  to  such  part  or  organ,  so 
far  as  the  determination  of  the  namesakeism,  or  homology,  has 
been  carried  out  in  the  animal  kingdom.  This  aim  of  anatomy 
concerns  itself  little,  if  at  all,  with  function,  and  has  led  to  gene¬ 
ralizations  of  high  import,  beyond  the  reach  of  one  who  rests  on 
final  causes.  It  has  been  termed  grandiloquently  ‘Trans¬ 
cendental  3  and  philosophical ;  but  any  kind  of  anatomy  ought 
to  be  so  pursued  as  to  deserve  the  latter  epithet. 33 

The  statement  that  “  this  kind  of  anatomy  concerns  itself 
little,  if  at  all,  with  function,”  will  puzzle  those  who  have  re¬ 
ceived  no  initiation  into  this  kind  of  philosophy.  “  What,” 
they  will  exclaim,  “  call  things  by  the  same  name  without  any 
regard  to  their  uses  or  functions — this  may  be  transcendental, 
but  it  can  scarcely  be  philosophical.”  In  ordinary  life,  if  a 
thing  is  called  a  tea-pot,  it  is  presumed  to  be  a  vessel  to  make 
tea  in,  and  we  should  be  astonished  at  the  existence  of  tea¬ 
pots  which  their  maker  or  designer  never  intended  to  be  used 
for  any  purpose  connected  with  the  fragrant  herb. 
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In  reference  to  anatomy,  the  only  popular  notion  is  that 
connected  with  final  causes  —the  idea  that  each  specific  thing 
was  created  especially  to  do  exactly  the  kind  of  work  which 
we  see  it  perform ;  and  as  a  corollary  to  this,  it  is  popularly 
believed,  and  generally  stated  in  books  that  possess  “goodiness" 
rather  than  goodness,  that  we  shall  best  understand  the  animal 
world  by  seeking  to  discover  a  specific  use  or  service  to  be  per¬ 
formed  by  every  variety  of  structure  which  we  can  find.  Nature 
thus  viewed  does  not  exhibit  her  noblest  aspects.  She  appears 
rather  as  a  series  of  clever  contrivances  to  get  over  difficulties, 
than  a  grand  and  stately  plan,  instinct  with  reason,  and  working 
out  an  infinite  variety  of  useful  and  beautiful  results  by  the 
action  of  laws  and  properties  regulating  the  whole  cosmos,  and 
which  differ  widely  from  a  bundle  of  expedients  to  meet  par¬ 
ticular  ends. 

We  shall  endeavour,  from  Professor  Owen's  volume,  to  illus¬ 
trate  this  question  of  “  Homological  anatomy/'  What  two 
things,  for  example,  can  appear  more  distinct  than  a  simple 
air-bladder  or  swimming’  bladder  of  a  fish,  and  the  lung  of  a 
human  being  ?  Professor  Owen  says  “  the  organ  so  deno¬ 
minated  is  found  in  most  osseous  fishes  in  the  form  of  an  elon¬ 
gated  bladder,  tensely  filled  by  air,  extending  along  the  back 
of  the  abdomen,  between  the  kidneys  and  the  chylopoietic* 
viscera,  and  sometimes  beneath  the  caudal  vertebra  to  near  the 
end  of  the  tail."  This  organ  is  sometimes  bifurcate  and  some¬ 
times  still  more  complicated  in  shape,  but  “  viewing  the 
general  modifications  and  relations  of  the  air-bladder  through¬ 
out  the  class  of  fishes,  we  cannot  but  discern  and  admit,  not¬ 
withstanding  some  seeming  capricious  varieties,  that  its  chief 
and  most  general  function  is  a  mechanical  one,  serving  to  regu¬ 
late  the  specific  gravity  of  the  fish,  to  aid  it  in  maintaining  a 
particular  level  in  its  element,  and  in  rising  or  sinking  as  occa¬ 
sion  may  serve."  In  ground  fishes  it  is  generally  wanting, 
and  their  habits  are  accommodated  to  its  absence.  In  sharks  a 
great  perfection  of  swimming  apparatus  makes  them  inde¬ 
pendent  of  it,  and  if  it  had  been  given  to  them  it  would,  as 
Professor  Owen  explains,  have  “  enslaved  them  as  well  as 
served  them."  It  opposes,  for  example,  those  fishes  that  pos¬ 
sess  it,  in  their  endeavours  to  turn  on  one  side,  and  it  demands 
a  constant  action  of  the  balancing  fins  to  prevent  that  complete 
upsetting  of  the  body,  which  it  occasions  from  the  weight  of 
the  superimposed  vertebral  column  and  muscles  when  life  and 
action  are  extinct." 

The  first  symptom  of  relation  to  the  lung  of  the  mammal, 
which  we  perceive,  is  in  the  connection  of  this  air-bladder  with 
the  throat  by  means  of  a  duct,  the  ductus  jpneumaticus.  a  The 
*  Viscera  that  concur  to  the  production  of  chyle. 
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variation  in  respect  to  the  presence  or  absence  of  an  air  duct  is 
expressed/'’  says  Professor  Owen,  “  in  the  characters  and  orders 
in  the  classification  of  Fishes.”*  “The  duct  which  is  shown  by  its 
place  of  communication  with  the  beginning  of  the  oesophagus, 
and  by  the  rudimental  larynx  in  Poly  pier  us  and  Lepido  siren, 
to  be  the  homologue  of  the  trachea  of  air-breathing  verte¬ 
brates,  is  a  simple  and  delicate  membranous  tube,  but  it  pre¬ 
sents  considerable  variation  in  its  length,  diameter,  and  place 
of  communication  with  the  alimentary  tract.  In  the  herring, 
the  ductus  pneumaticus  is  produced  from  the  posterior  atte¬ 
nuated  end  of  the  cardiac  division  of  the  stomach ;  in  many 
other  fishes  which  possess  it,  its  position  is  quite  different.” 

The  mucous  lining  of  the  air-bladder  is  the  seat  of  vas¬ 
cular  ramification,  but  the  arrangement  of  the  arteries  and 
veins  differs  in  different  sorts  of  fishes,  sometimes  approaching 
towards,  and  sometimes  receding  from,  the  plans  adopted  in 
animals  that  possess  genuine  lungs.  The  contents  of  these 
air-bladders,  likewise,  varies.  “  In  most  fresh-water  fishes  it  is 
nitrogen,  and  a  very  small  quantity  of  oxygen,  with  a  trace  of 
carbonic  acid  gas;  but  in  the  air-bladder  of  sea-fishes,  and 
especially  of  those  which  frequent  great  depths,  oxygen  predo¬ 
minates.”  The  resemblance  of  the  air-bladder  to  a  lung  is  traced 
from  fishes  in  which  it  has  no  respiratory  functions  at  all,  up  to 
other  kinds  of  fishes  more  allied  to  reptiles,  in  which  it  is  so  deve¬ 
loped  as  to  be  “  analogous  in  functions  to  the  lung  of  the  air- 
breathing  amphibia.”  The  action  common  to  the  lung,  and  to 
all  forms  of  swimming  bladders,  is  that  of  taking  in  air  of 
some  kind,  although  the  mode  in  which  they  obtain  it  varies 
very  much ;  the  transition  from  a  simple  mechanical  function 
like  the  cork  of  the  swimmer,  to  the  chemical  and  physio¬ 
logical  function  of  respiration  is  striking  enough,  and  the  anato¬ 
mist  finds  many  similar  instances  of  organs  appearing  under 
conditions  as  diversified.  Such  facts  lead  to  wide  conceptions  of 
the  unity  of  plan  or  design  in  nature.  They  certainly  do  not, 
as  some  have  feared,  detract  in  any  way  from  the  arguments  of 
natural  theology ;  but,  taken  in  conjunction  with,  and  often 
correcting  the  more  popular  forms  which  that  argument  has 
assumed,  they  give  it  a  higher  development  and.  a  greater 
force. 

One  result  of  the  mode  of  reasoning  we  have  endeavoured 
to  illustrate,  as  belongiug  to  “  Homological  Anatomy,”  is  to 
establish  a  conviction  that  when  once  any  form,  or  organ,  or 
structure,  however  simple  and  apparently  humble,  is  intro¬ 
duced  into  the  great  scheme  of  nature,  a  potentiality  and  pos¬ 
sibility  of  indefinite  advance  and  progress  seems  to  accompany 
it.  The  simplest  rudimentary  lung  does  not  breathe,  the  sim- 

#  These  are  given  in  the  Professor’s  work. 
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plest  rudimentary  eye  does  not  see,  tlie  simplest  rudimentary 
ear  does  not  hear,  the  simplest  brain  does  not  perceive,  and 
when  we  come  to  the  highest  exhibitions  of  organs  and 
functions  which  the  relics  of  past  worlds,  or  the  existing  objects 
in  our  present  world,  present  to  our  view,  we  may  regard  them 
as  no  more  than  faint  shadowings  of  some  ulterior  perfection, 
that  in  its  due  and  pre* appointed  season  may  be  expected  to 
arrive. 

Professor  Owen's  book  is  divided  into  twelve  chapters — 
the  first,  introductory ;  the  second,  on  the  osseous  system  of 
the  hcematocrya ;  after  which,  their  muscular  systems,  their 
nervous  systems,  digestive,  absorbent,  circulatory,  respiratory, 
and  other  systems,  are  in  due  order  expounded.  Such  a  book, 
from  an  author  of  such  acknowledged  learning  and  skill,  can¬ 
not  fail  to  meet  with  a  wide  appreciation ;  but  as  our  readers 
comprehend  a  wider  range  of  inquirers  than  have  hitherto 
supported  any  scientific  periodical,  we  shall  take  the  oppor¬ 
tunity  of  endeavouring  to  enlist  the  sympathies  of  those  who 
may  know  least  of  these  questions,  in  favour  of  the  present 
work,  as  it  is  far  better  for  those  who  only  require  a  moderate 
quantity  of  information  on  difficult  subjects,  to  glean  what  they 
can  from  first-class  books,  than  to  depend  too  exclusively  upon 
popular  expositions,  which  are  too  apt  to  be  shallow  and 
incorrect. 

A  very  interesting  branch  of  study  makes  us  acquainted 
with  the  divers  modes  in  which  nature  can  accomplish  any 
special  result.  Naturalists,  destitute  of  profundity,  speak  as  if 
nothing  but  the  particular  pieces  of  apparatus  they  see  in 
particular  creatures  would  enable  them  to  get  a  living,  or 
perform  their  ordinary  work.  It  is  quite  true  that  special 
structure  may  disqualify  an  animal  for  living  in  given  situa¬ 
tions  ;  but  the  modes  by  which  creatures  can  be  fitted  for 
such  situations  are  infinite  in  their  variety.  If,  for  example, 
we  look  at  the  vertebral  column  in  several  of  its  forms,  we  find 
rigidity  and  inaptitude  for  directly  assisting  motion  carried  to 
an  extreme  in  such  a  creature  as  a  tortoise ;  but  similar  bones, 
modified  in  a  special  way,  make  the  vertebral  column  of  the 
serpent  a  wondrous  instrument  of  locomotion.  “  Serpents,” 
says  Professor  Owen,  “  are  too  commonly  looked  down  upon, 
as  animals  degraded  from  a  higher  type ;  but  their  whole 
organization,  and  especially  their  bony  structure,  demonstrate 
that  their  parts  are  as  exquisitely  adjusted  to  the  form  of  their 
whole,  and  to  their  habits  and  sphere  of  life,  as  is  the  organiza¬ 
tion  of  any  animal  which  we  call  inferior  to  them.  It  is  true 
that  the  serpent  has  no  limbs,  yet  it  can  outclimb  the  monkey, 
outswim  the  fish,  outleap  the  jerboa,  and,  suddenly  loosing 
the  close  coils  of  its  crouching  spiral,  it  can  spring  into  the 
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air,  and  seize  the  bird  upon  the  wing- :  all  these  creatures  have 
been  observed  to  fall  its  prey.  The  serpent  has  neither  hands 
nor  talons,  yet  it  can  outwrestle  the  athlete,  and  crush  the 
tiger  in  the  embrace  of  its  ponderous  overlapping  folds. 
Instead  of  licking  up  its  food  as  it  glides  along,  the  serpent 
uplifts  its  crushed  prey,  and  presents  it,  grasped  in  the  death- 
coil  as  in  a  hand,  to  its  slimy,  gaping  mouth.  It  is  truly 
wonderful  to  see  the  work  of  hands,  feet,  and  fins,  performed 
by  a  modification  of  the  vertebral  column.” 

A  curious  inquiry  for  the  naturalist  and  physiologist  relates 
to  the  probable  sensations  which  animals  differing  widely  from 
man  receive  from  their  organs.  In  the  fish  world  we  have 
abundant  specimens  of  highly-developed  eyes ;  but  in  the 
lowest  fishes,  the  lancelet  and  the  myxine,  the  eye  is  as 
simple  as  in  the  leech — “  a  minute  tegumentary  follicle  is 
coated  by  dark  pigment,  which  receives  the  end  of  a  special 
cerebral  nerve.”  A  vague  sense  of  light,  without  the  slightest 
recognition  of  form  or  colour,  is  probably  all  that  this  humble 
instrument  can  enable  its  possessor  to  arrive  at,  still  the 
function  is  that  of  which  we  should  call  sight ;  but  how  is 
John  Hunter5  s  question,  “Is  the  mode  of  smelling  in  fishes 
similar  to  that  of  tasting  in  other  animals  ?”  to  be  answered  ? 
The  fluid  element  in  which  the  fish  dwell  carries  over  their 
so-called  smelling  apparatus  whatever  substances  the  water 
has  in  suspension  or  solution,  and  how  does  it  affect  the  fishes* 
sensorium  ?  Do  they  smell  in  the  sense  in  which  we 
smell  ?  or  do  they  taste  with  their  noses  ?  or  do  they  do  both  in 
some  mixed  fashion  ? 

The  hearing  of  fishes  probably  ranges  from  a  low  percep¬ 
tion  of  sound  to  a  discrimination  of  tones,  in  those  fishes  (the 
gurnards,  for  example),  which,  by  a  peculiar  mechanism  in 
their  air-bladders,  are  able  to  utter  a  certain  range  of  musical 
notes.  Amongst  these  creatures,  are  bad  performers  hissed, 
and  good  ones  applauded  and  encored  ?  In  most  fishes,  in 
addition  to  a  complex  hearing  apparatus,  “  otolites,”  or  ear- 
stones — that  is,  small  masses  of  carbonate  of  lime — float  in  a 
fluid  cavity,  and  by  their  motions  assist  the  auditory  process, 
probably  by  reinforcing  sound.  A  small  transparent  slug  shows 
these  otolites — which  do  not  exclusively  belong  to  fish — very 
well.  He  should  be  gently  squeezed  in  a  compressorium,  or 
live-box,  and  examined  with  an  inch  or  two-thirds.  The 
auditory  cavity,  with  these  little  bodies  in  active  motion,  will 
soon  be  discovered. 

The  teeth  of  the  cold-blooded  vertebrata  are  elaborately 
illustrated  by  Prof.  Owen,  and  a  great  many  of  them  in  section 
afford  splendid  microscopic  objects.  One  class  of  extinct 
fishes,  the  Dendrodont ,  or  c<  tree-toothed,*5  are  remarkable  for 
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the  beautiful  convolutions  of  structure  which  their  sections 
present.  The  fish  world  exhibit  teeth  of  a  variety  of  shapes, 
the  conical  being  the  predominant.  “  As  to  number,  they 
range  from  zero  to  countless  quantities.”  Sometimes  their 
teeth  are  slender,  sharp-pointed,  and  so  numerous  and 
closely  aggregated,  “as  to  resemble  the  plush  or  pile  of 
velvet”-— all  the  teeth  of  the  perch  are  of  this  kind ;  they 
are  called  “  villiform.”  When  equally  fine  and  numerous, 
but  longer,  they  are  named  “ciliiform;”  and  rather  stronger, 
are  “  setiform,”  bristle-like.  The  pike  presents  specimens  of 
rasping  teeth ;  and  in  the  pharyngeal  bones  of  the  wrasse 
- — a  common  aquarium  fish  —  “hemispherical  teeth  are  so 
numerous,  and  spread  over  so  broad  a  surface,  as  to  resemble 
a  pavement.”  All  these  matters  may  be  easily  verified  by  our 
readers ;  and  microscopic  preparations  of  fish-teeth,  of  various 
sorts,  would  form  a  very  interesting  collection. 
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(With  a  Coloured  Plate.) 

The  entomologist  who  may  chance  to  look  at  the  garden 
scene  in  our  plate,  and  to  read  the  article  which  it  illustrates, 
will  probably  find  nothing  new — nothing  that  memory  and 
imagination  would  not  supply,  were  the  following  words  only 
to  be  said,  “  Macroglossa  stellatarum ,  abundant  in  1865.”  The 
charming  moth  to  which  that  name  belongs  would  at  once 
present  itself  to  the  mind's  eye  and  ear,  with  its  rapid  flight, 
its  graceful  poising  on  wing,  its  brilliant  eyes  and  long  pro¬ 
boscis,  its  singular  black  and  white  plumes  and  velvety  bird¬ 
like  tail,  and  the  loud  peculiar  humming  noise  of  its  wings. 
Its  classified  position  among  the  insect  tribes  would  be  present 
to  the  recollection,  and  its  long  composite  name  would  be  too 
familiar  to  arouse  criticism. 

But  the  case  of  the  reader  who  is  not  an  entomologist  is 
different.  Such  a  reader  may  perhaps  have  pursued  other 
branches  of  knowledge  with  great  diligence,  and  may  feel 
perfectly  at  home  in  any  discussion  arising  about  them,  yet 
till  this  year  may  have  attached  no  idea  to  the  word  moth ,  than 
that  it  appertains  to  the  tiny  devastator  of  our  raiment,  and 
to  a  few  larger  dingy  creatures  that  point  a  moral  by  coming 
at  the  evening  hour  to  imperil  their  lives  around  our  candles. 
How  startling  to  an  intelligent  observer  of  this  kind  was  the 
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sudden  discovery  last  summer  that  a  beautiful  creature  exists, 
resembling  a  very  small  humming-bird,  and  seeming  to  hold  a 
place  above  most  insects  in  power  of  flight,  and  in  symptoms 
of  intelligence.  What  can  it  be  ?  was  the  question  asked, 
perhaps  by  hundreds  of  observers,  in  various  parts  of  the 
British  isles.  The  numerous  newspaper  paragraphs  which 
appeared  on  the  subject  after  a  while  supplied  the  name , 
“  Humming-bird  Hawk-moth.”  “  Oh,  that  must  be  our 
friend,”  was  the  comment  immediately  made.  Possibly,  fur¬ 
ther  information  was  desired ;  and  as  it  may  not  have  been 
obtained  by  observers  not  happening  to  be  possessed  of  ento¬ 
mological  books,  I  will  briefly  state  here  a  few  particulars 
about  the  moth’s  name  and  its  place  in  the  insect  world,  before 
proceeding  to  record  the  fact  of  its  unusually  frequent  occur¬ 
rence  in  1865. 

It  is  the  “Sphinx  stellatarum ”  of  Linnaeus  and  other 
writers,  but  now  called  Macroglossa  stellatarum ,  its  English 
appellation  being  “  Humming-bird  Hawk-moth.”  The  name. 
Hawk-moth,  belongs  not  only  to  this  insect,  but  to  several 
other  genera;  for  instance,  there  is  the  Death’s-head  Hawk- 
moth,  the  Elephant  Hawk-moth,  etc.  They  are  distinguished 
by  the  strength  and  peculiarity  of  their  hawk-like  flight,  and 
often  by  their  large  size.  Most  of  the  hawk-moths  have  long 
bodies  and  comparatively  small  wings;  the  hinder  pair,  espe¬ 
cially,  being  small  in  proportion  to  the  size  of  the  insect.  The 
caterpillars  of  some  of  these  moths  are  of  remarkable  aspect, 
especially  that  of  the  Privet  Hawk-moth.  This  caterpillar  can 
assume  an  attitude  which  reminded  Linnaeus  of  the  figures  of 
that  fabulous  creature,  the  sphinx,  and  hence  he  bestowed  the 
name  “  sphinx  ”  on  the  hawk-moths.  The  caterpillar  of  the 
Humming-bird  Hawk-inoth  is  not  very  remarkable  in  appear¬ 
ance;  its  colours  are  green,  white,  yellow,  and  a  dusky  hue, 
arranged  in  stripes  ;*  it  feeds  on  different  kinds  of  galium  and 
rubia ,  and  the  galiums  being  stellate  plants,  suggested  the 
name  “stellatarum.33  The  name,  Humming-bird,  speaks  for 
itself.  More  than  once  it  has  actually  been  mistaken  for  a 
small  humming-bird  by  persons  who  had  seen  the  latter  in 
America,  so  curiously  similar  are  the  gestures  of  the  bird  and 
the  insect. 

“Macroglossa,33  the  generic  name  of  the  moth,  of  course 
denotes  the  long  tongue  or  proboscis  which  it  possesses.  This 
length  of  proboscis  is  observable  also  in  some  of  the  other 
hawk-moths;  and  Mr.  Westwood  notices  the  interesting  con¬ 
nexion  which  exists  between  the  variation  in  the  length  of  the 
spiral  tongue  and  the  rapidity  of  flight  possessed  by  these 

*  -A. figure  of  the  caterpillar,  resting  on  a  stem  of  Galium  aparine,  or  goose- 
grass,  will  be  observed  in  the  plate. 
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insects,  depending  as  it  does  on  their  habit  of  extracting  the 
nectareous  juices  of  tube -bearing  flowers  by  means  of  their 
elongated  proboscis.”*  The  description  given  by  Kirby  and 
Spence  of  the  proboscis  with  which  moths  and  butterflies  are 
supplied,  applies  so  well  to  that  of  the  insect  at  present  under 
consideration,  that  I  will  repeat  it : — ■ 

“  The  innumerable  tribes  of  moths  and  butterflies  eat 
nothing  but  the  honey  secreted  in  the  nectaries  of  flowers, 
which  are  frequently  situated  at  the  bottom  of  a  tube  of  great 
length.  They  are  accordingly  provided  with  an  organ  exqui¬ 
sitely  fitted  for  its  office — a  slender  tubular  tongue,  more  or 
less  long,  sometimes  not  shorter  than  three  inches,  but  spirally 
convoluted  when  at  rest,  like  the  mainspring  of  a  watch,  into 
a  convenient  compass.  This  tongue,  which  they  have  the 
power  of  instantly  unrolling,  they  dart  into  the  bottom  of  a 
flower,  and  as  through  a  siphon,  draw  up  a  supply  of  the 
delicious  nectar  on  which  they  feed.  A  letter  would  scarcely 
suffice  for  describing  fully  the  admirable  structure  of  this 
organ.  I  must  content  myself,  therefore,  with  here  briefly 
observing  that  it  is  of  a  cartilaginous  substance,  and  appa¬ 
rently  composed  of  a  series  of  innumerable  rings,  which,  to  be 
capable  of  such  rapid  convolution,  must  be  moved  by  an  equal 
number  of  distinct  muscles ;  and  that,  though  seemingly 
simple,  it  is  in  fact  composed  of  three  distinct  tubes — the  two 
lateral  ones  cylindrical  and  entire,  intended,  as  Reaumur  thinks, 
for  the  reception  of  air ;  and  the  intermediate  one,  through 
which  alone  the  honey  is  conveyed,  nearly  square,  and  formed 
of  two  separate  grooves  projecting  from  the  lateral  tubes ; 
which  grooves,  by  means  of  a  most  curious  apparatus  of  hooks 
like  those  in  the  laminae  of  a  feather,  inosculate  into  each 
other,  and  can  be  either  united  into  an  air-tight  canal,  or  be 
instantly  separated,  at  the  pleasure  of  the  insect. ”f 

It  is  curious  to  observe  the  great  variety  which  exists  in 
the  size  of  this  organ,  when  we  compare  various  moths.  I 
collected  the  moths  of  the  King’s  County  several  years  ago,  to 
the  number  of  about  a  hundred  and  twenty  distinct  kinds  ; 
and  a  slight  examination  of  this  collection  (still  in  pretty  good 
order)  enables  me  to  verify  this  remark.  The  fact  is,  that 
some  moths  and  butterflies  take  no  food  in  the  perfect  state, 
and  the  mouth  organs  are  therefore  small  and  rudimentary. 
Corresponding  variations  (says  Westwood)  of  course  occur  in 
the  development  of  the  digestive  organs,  and  he  notices  that 
in  some  of  the  hawk-moths,  “  in  which  the  spiral  apparatus 
attains  its  greatest  length,  nearly  equalling  that  of  the  entire 
body,  the  stomach  is  scarcely  smaller  than  it  is  in  the  pupa 

#  British  Moths  and  their  Transformations,  p.  5. 

f  Introduction  to  Entomology.  Seventh  edition  (1857),  p.  222. 
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state  ;  whereas  in  the  Dendrolimus  pini,  in  which  the  parts  of 
the  mouth  are  atrophied,  with  the  exception  of  the  labial  palpi, 
the  stomach  is  almost  obsolete.”* 

I  have  given  prominence  to  my  description  of  Macroglossa’s 
proboscis,  because  (as  will  presently  be  seen)  my  correspond¬ 
ents  have  paid  especial  attention  to  this  singular  organ,  and 
been  struck  by  the  beauty  of  its  form  and  movements. 

I  need  not  enter  into  any  formal  description  of  the  moth, 
as  I  have  depicted  it  with  great  care  in  my  plate  from  real 
specimens,  one  caught  by  me  in  1845,  at  Bally lin,  King's  County, 
and  two  of  the  others  secured  at  different  places  during  last 
summer,  f  The  specimen  represented  lowest  in  the  plate, 
shows  the  under  side  of  the  insect;  and  the  attitude  of  the 
resting  moth  at  the  right  was  taken  not  merely  from  a  pre¬ 
served  specimen,  but  from  life.  The  moth  threw  back  its 
antennm,  remained  perfectly  still,  and  allowed  me  to  gain  a 
good  idea  of  its  profile,  which  was  strangely  like  that  of  a  hare 
or  rabbit,  when  this  position  was  assumed. 

The  upper  figure,  also  represented  partly  in  profile,  gives 
a  good  idea  of  the  moth's  head,  and  illustrates  the  description 
of  the  insect  which,  as  may  be  remembered,  was  given  among 
the  ‘'‘’Notes  and  Memoranda”  of  the  Intellectual  Observer 
for  last  September,  in  a  paragraph  by  Mr.  C.  S.  Beckett.  This 
description  is  so  happy,  that  I  may  be  excused  if  I  repeat  a 
few  words  of  it.  “  One  even  visited  my  bouquet,  and  most 
unceremoniously  rifled  the  sweets  of  one  flower  after  another, 
as  I  held  them  in  my  hand,  thus  giving  me  an  opportunity  of 
closely  observing  its  manoeuvres,  the  vigilance  of  its  hawk-like 
eyes,  the  accuracy  with  which  it  inserts  its  long  flexible  pro¬ 
boscis  into  each  flower,  and  its  mouse-like  head  and  body. 
Another  day  I  watched  it  unerringly  dip  its  needle-tongue 
into  the  base  of  each  petal  of  a  carnation.” 

My  plate  also  illustrates  some  of  the  remarks  made  in  the 
numerous  accounts  of  the  moth  which  I  have  received  from 
friends  in  various  counties.  I  shall  presently  quote  a  few  of 
these,  as  they  give  the  impressions  of  the  beholders  with  much 
freshness  and  spirit. 

The  account  I  have  generally  received  in  answer  to 
inquiries  is,  that  my  correspondents  had  never  seen  it  before, 
but  had  repeatedly  observed  it  last  summer,  indeed  from  the 
beginning  of  June  to  the  16th  of  November,  these  being  the 
earliest  and  latest  dates  which  I  have  received.  The  abund¬ 
ance  of  Macroglossa  has  been  notified  to  me  by  entomologists, 

*  introduction  to  the  Modern  Classification  of  Insects,  p.  313. 

f  I  have  never  happened  to  meet  the  caterpillar,  and  have  therefore  copied  it 
from  the  work  of  Humphreys  and  Westwood,  British  Moths  and  their  Trans¬ 
formations. 
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as  well  as  by  those  who  had  never,  till  this  yean,  observed  any 
insect  with  attention.  For  instance,  an  entomologist  in  the 
West  Riding  of  Yorkshire,  who  had  made  a  large  collection  of 
the  moths  of  his  district,  informs  me  that  the  Humming-bird 
Hawk-moths  were  more  common  in  his  neighbourhood  during 
1865  than  they  had  been  for  twenty  years.  He  adds,  that  he 
finds  them  the  most  difficult  of  all  insects  to  catch  from  their 
rapid  flight,  and  that  he  has  never  succeeded  in  finding  the 
caterpillar. 

It  is  a  well-known  fact  among  entomologists  that  different 
kinds  of  insects  have  from  time  to  time  appeared  in  unusual 
numbers,  or  been  unusually  scarce,  without  any  assignable 
reason.  Various  instances  might  be  cited  from  entomological 
works,  and  some  also  from  my  own  observations  in  past  years, 
and  various  surmises  as  to  the  kind  of  season  likely  to  produce 
the  above-mentioned  abundance  or  scarcity,  might  be  added, 
but  I  prefer  merely  to  complete,  as  far  as  my  materials  permit, 
the  record  of  this  hawk-moth’s  proceedings  in  1865. 

It  was  seen  in  Yorkshire,  Derbyshire,  Huntingdonshire, 
Somersetshire,  Hampshire,  Devonshire,  Dorsetshire,  War¬ 
wickshire,  Middlesex,  and  doubtless  in  many  other  English 
counties.  It  was  also  very  abundant  near  Glasgow,  on  thistles, 
etc.,  and  in  various  other  parts  of  Scotland.  In  Ireland,  I  have 
heard  of  its  abundant  appearance  in  the  counties  of  Galway, 
Leitrim,  Clare,  Tipperary,  Kerry,  Dublin,  Wicklow,  Wexford, 
Kildare,  Westmeath,  and  the  King’s  and  Queen’s  Counties. 

“  On  the  10th  of  October/’  writes  a  correspondent  in  the 
county  of  Kildare,  “  I  saw  one  in  my  own  garden.  It  was 
sipping  Penstemon  blossoms.  I  caught  it  in  one  of  the  long 
bells.  The  moth  lay  on  my  hand  apparently  dead ;  the  long 
proboscis  curled  up  like  the  spring  of  a  watch,  and  wras  with¬ 
drawn  very  slowly.  In  about  five  minutes  it  flew  off  again.” 

This  habit  of  our  moth  was  noticed  long  ago  by  the  author 
of  the  Journal  of  a  Naturalist ,  who  says,  “  I  have  known  this 
creature,  like  some  other  insects,  counterfeit  death  when 
apprehensive  of  danger,  fall  on  its  back,  and  appear  in  all 
respects  devoid  of  life  when  in  a  box ;  and  as  soon  as  a  fit 
opportunity  arrived,  dart  away  with  its  usual  celerity.”* 

Gardens  and  pleasure-grounds  appear  to  have  been  its 
favourite  haunts.  “  A  long  walk  might  be  taken  in  the  fields, 
and  very  few  specimens  seen;”  so  I  am  informed  by  a  corre¬ 
spondent  in  the  county  of  Clare. 

A  paragraph  in  the  Field  states,  “  Wherever  there  has  been 
a  jessamine,  or  abed  of  geraniums  in  bloom.  Humming-bird 
Hawk-moths  have  swarmed.  Some  correspondents  have 
counted  forty  or  fifty  at  a  time.” 

*  Journal  of  a  Naturalist ,  p.  286.  Murray,  1830, 


44 


The  Humming-Bird  Hawk-Moth. 


From  the  county  of  Westmeath.  1  hear:  “I  always  saw 
two  of  the  moths  together,  generally  about  noon,  when  the 
sun  was  shining  brightly ;  they  fluttered  about  the  little  pink 
annual  f  Saponaria/  then  in  flower,  and  I  have  seen  them 
perch  on  it  for  an  instant.  Their  bodies  were  quite  distinct, 
but  their  wings  ‘  all  in  a  whirr 9  from  their  rapid  vibration. 
The  colours  were  black,  grey,  and  orange.” 

“  They  show  in  flying,”  says  a  correspondent  in  the  King’s 
County,  “  a  very  black  tail,  broad  and  well  cut,  short  and  even, 
light  grey  on  the  body  and  wings,  with  a  kind  of  buff-coloured 
under-wing ;  the  eye  bright,  and  large  for  the  insect,  and 
the  proboscis  beautifully  fine,  with  great  capability  of 
bending.” 

Another  correspondent  from  the  same  county  writes  :  “  I 
first  observed  it  late  one  summer  evening,  I  think  early  in 
July.  Its  movements  were  so  quick,  and  it  darted  about  from 
flovfer  to  flower  with  such  rapidity,  that  the  eye  could  hardly 
follow  it,  making  as  it  flew  a  loud  and  very  deep  humming 
noise,  quite  like  a  humming-  top.  It  was  then  on  a  bed  of 
Saponaria,  and  I  observed  it  always  chose  long-necked  flowers 
that  the  poor  lumbering  bees  could  hardly  get  their  noses 
into.  I  first  saw  it,  as  I  told  you,  late  in  the  evening,  and 
thought  it  was  a  night-moth ;  therefore  great  was  my  as¬ 
tonishment  next  morning,  and  every  fine  day  afterwards,  till 
November ,  to  see  it  as  busy  as  ever.  It  was  very  pretty  when 
flying,  its  buff  underwing  making  it  look  bright-coloured,  its 
tail  spread  out,  and  its  body  speckled  so  beautifully  with  clear 
white  and  black  feathers  ;  and  such  bright  eyes  !  Its  greatest 
beauty,  however,  consisted  in  the  marvellous  proboscis,  which 
it  plunged  with  such  unerring  nicety  into  each  blossom,  never 
resting  while  doing  so ;  and  you  know  how  small  an  aperture 
there  is  into  the  little  Saponaria  flower.” 

The  black  and  white  feathers  spoken  of  in  the  above 
description,  are  represented  in  the  plate.  These  ornamental 
tufts,  with  the  blunt,  bird-like  tail,  can  be  expanded  at  the 
pleasure  of  the  insect;  and  an  entomologist,  when  preserving 
a  specimen  of  the  Humming-bird  Hawk-moth,  will  take  care 
to  show  them  to  advantage  by  spreading  them  out  neatly  as 
the  specimen  dries. 

My  correspondent  continues  :  “  I  have  counted  six  at  a 
time,  evidently  males  and  females,  as  some  were  always 
brighter  than  others.” 

On  the  subject  of  these  moths  congregating  in  a  garden,  a 
letter  from  Warwickshire  contains  this  remark  :  “  I  do  not 
think  they  keep  together  much,  for  though  I  have  seen  three 
or  four  at  the  same  time  in  a  small  garden,  they  still  seemed 
to  be  quite  independent  of  each  other,  and  ignorant  of  their 
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proximity.”  A  friend  in  tlie  county  of  Clare  makes  an  exactly 
similar  observation. 

Tlie  air  was  in  truth  filled  with  these  charming  moths.  I 
am  told  that  in  parts  of  Switzerland  they  are  common  every 
summer ;  and  it  has  been  suggested  that  they  would  probably 
be  abundant  in  this  country  also  each  year,,  were  it  not  for  the 
young  being  destroyed  by  weather.  It  is  therefore  not  unrea¬ 
sonable  to  suppose  that  the  long  fine  summer  of  last  year  was 
favourable  to  the  lives  of  the  Humming-bird  Hawk-moth  cater¬ 
pillars  and  their  attainment  of  the  perfect  state. 

Nevertheless,  the  fact  remains,  that  fine  seasons  have  often 
been  accompanied  by  a  scarcity  of  wasps,  and  that  a  beautiful 
butterfly,  the  Painted  Lady,  has  appeared  in  profusion  in 
particularly  ungenial  years,  and  that  in  districts  where  it  has 
in  general  been  scarce. 

The  keenest  entomologist  (to  quote  a  writer  already 
referred  to)  would  not  perhaps  much  lament  the  absence  of 
this  beauty,  if  such  cheerless  seasons  were  always  requisite  to 
bring  it  to  perfection.  Far  pleasanter  are  the  ideas  connected 
in  our  minds  with  the  Humming-bird  Hawk-moth,  that  gay 
and  graceful  creature  which  came  to  delight  us  in  the  long 
bright  summer  weather  of  1865. 
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531 

•70 

:-59i 

70-8 

49-2 

21-6 

3,  0  ( 

jj  3 

30-165 

62-4 

52-5 

•72 

•566 

70-3 

54-8 

15*5 

0,  1,  ( 
10,  0,  ( 
0  0  ( 

»  4 

30-141 

59-7 

50-4 

•73 

|  *518 

69-7 

40-3 

29-4 

jj  3 

30035 

57-7 

42-4 

•59 

•484 

65-5 

40*6 

24-9 

„  6 

29-997 

57-7 

37-7 

•50 

•484 

65-8 

41-3 

24-5 

V,  V. 

0,  0,  c 
0,  0,  4 

„  7 

29-849 

56-9 

42-8 

•62 

•471 

64-7 

42-0 

22-7 

n  8 

•  «  « 

•  «  » 

•  .  • 

... 

•  •  • 

66-3 

49-3 

17*0 

j,  9 

29-352 

59-2 

57-9 

•96 

•509 

65-8 

53-8 

12-0 

5  10  1C 

,,  1(J 

29-309 

57-9 

54-7 

*89 

•487 

64-0 

486 

15-4 

3  7  cj 

»  11 

29-260 

57-0 

53-0 

•87 

•473 

63-0 

55-3 

7-7 

8  8  8 

i  ,»  12 

29-516 

54-6 

43-9 

•69 

•436 

60-3 

51-8 

8-5 

5,  2,  1 
10,  6,  1 
9, 10, 10 

jj  13 

29-659 

49-1 

45-9 

•89 

•362 

584 

344 

24*0 

5J  14 

29-955 

49-7 

48-4 

•96 

•369 

58-9 

41-5 

17-41 

35  15 

•  e  • 

•  •  • 

•  •  • 

... 

... 

53*4 

47-8 

5.6 

S3  16 

29-846 

49-2 

47-3 

•94 

*363 

57-7 

38-5 

19-2' 

10,  10, 10 
5  7  3 

jj  IV 

29-268 

54-3 

50*2 

•87 

•432 

60-0 

41-6 

18-4 

i  !J  18 

29  048 

49-2 

49-3 

1-00 

•363 

534 

43-7 

9-7 

10, 10,  10 
10,10,  7 
0.  5.  3 

jj  ly 

29-150 

42-3 

40-3 

•93 

•286 

45-9 

44-7 

1 

1*2 

jj  20 

29-495 

45-0 

36-3 

•74 

•314 

51.6 

32-9 

18-7 

?»  21 

;  jj  22 

29630 

42-1 

1.5 

42-0 

1-00 

•  •  • 

•284! 

•  •  « 

46-2 

500 

35-3 

421 

10-9 

7-9 

10, 10, 10 

35  23 

29-648 

46-5 

45-5 

•96 

•331 

50-3 

44-7 

5-6 

10,  10, 10 

33  24 

29-580 

516 

460 

•83 

•394 

57-8 

45-1 

12-7 

6,  6  10 

jj  25 

29-578 

51’4 

38-6 

•64 

•391 

56-6 

461 

10'5 

5  2  2 

j>  2b 

29346 

511 

510 

•99 

•387 

57-7 

384 

19-3 

10,  10, 10 
19  2 

33  27 

28-999 

46‘5 

45-0 

•95 

•331 

56-5 

45-7 

108 

55  28 

„  29 

29-726 

40-6 

30-8 

•71 

•270 

46  0 

44.2 

1-8 

4,  0,  3 

•  •  • 

■Ml 

•  •  0 

» •  • 

... 

57-7 

32-4 

253 

„  30 

29171 

46-5 

44-5 

•93 

*3311 

50-8 

45-3 

5-5 

10,  *  7, 10 
9, 10, 10 

S3  SI 

29387 

45-5 

43-4 

•93 

•320 

49-0 

44-0 

50 

Daiiy  ) 
Moans.  l 

29-579 

51*8 

l 

45-9 

•83 

•406 

1 

•  •  • 

•  •  • 

14-5 

•  •  • 

respectively. 


Direction  of  Wind. 


E,  ENE,  ENE. 
ENE,  E  by  N,  E, 

E,  E  by  N,  ENE. 
ENE,  NE  by  E,  E  by  N, 
ENE,  E,  E  by  N. 

E,  E  by  N,  E  by  S. 


SE  by  E,  S,  — . 

SW  by  S,  S  by  E,  SSE. 
SSW,  SW  by  S,  SW. 
SW  by  w,  W,  SW  by  S. 
— j  W  by  N,  NW  by  N. 


— ,  ssw,  SSW. 

SW  by  w,  WSW,  SW. 

NE,  NE  by  E,  NE. 
NNW,  WNW,  W  by  N. 
WSW,  w  by  S,  W. 
ENE,  NE,  ENE. 


NE  N 

w,  WSW,  S  bv  w. 
WNW,  WNW,  NW  by  W. 
S  by  E,  SSW,  SW. 

SW,  SW  by  S,  — . 

NW  by  N,  W  by  N,  W. 


N  by  W,  N,  N. 


Rain- 
read  a 
10 

A.H. 


inches 

0*000 

■ooo 

•ooo 

•ooo 

‘000 

•ooo 

•000 

•090 

*197 

•529 

•607 

•066 

•005 

•ooo 

•053 

•ooo 

•594 

•013 

•777 

•085 

•115 

•236 

•776 

•033 

•048 

•177 

•679 

•067 

•071 

•364 

•572 


6154 


To  obtain  the  Barometric  pressure  at  the  sea-lerel  the.,  n.mbers  meat  be  increased  b,  -037  inch. 
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Hourly 

Means. 

HOURLY  MOVEMENT  OE  THE  WIND  (IN  MILES)  AS  RECORDED  BY  ROBINSON'S  ANEMOMETER.— October,  1865, 
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Meteorological  Observations  at  the  Kew  Observatory 


RESULTS  OF  METEOROLOGICAL  OBSERVATIONS  MADE  AT  THE 

KEW  OBSERVATORY. 


LATITUDE  51°  28'  6"  N.,  LONGITUDE  0°  18'  47"  W. 


1865. 

E  educed  to  mean  of  day. 

Temperature  of  Air 

At  9-30  a.m.,  2-30  p.m.,  and  5  p.m., 

Rain- 
read  ; 
10 
A.M 

Day 

of 

Month. 

• 

Barometer,  corrected 
to  Temp.  32°.* 

; .  - .. -  —  —  : 

Temperature  of  Air. 

Calculated. 

Maximum,  read  at  9-30 
a.m.  on  the  following 
day. 

Minimum,  read  at 

9‘30  a.m. 

Daily  Range. 

1 

Proportion  of  Sky 

clouded. 

Direction  of  Wind. 

Dew  Toint. 

Kelative  Humidity. 

Tension  of  Vapour. 

inches. 

o 

O 

inch. 

O 

O 

O 

0—10 

1 

inche 

Noy.  1 

29-897 

40-6 

37-9 

•91 

•270 

43*9 

32-6 

11-3 

4,10,  0 

W  by  S,  W,  SW. 

o-oo 

2 

29-996 

39-8 

35-6 

•86 

•262 

48-8 

26-7 

22-1 

10,  6,  8 

— ,  S  by  W,  S  by  E. 

•oo 

3 

30-066 

44-6 

38*0 

•80 

•310 

50-0 

29*4 

20-6 

0,  6,  1 

NW  by  N,  NW  by  N,  — . 

•26 

4 

30*178 

41-1 

36-3 

•85 

•274 

49-4 

30-1 

19-3 

0,  0,  0 

— ,  N  by  E,  NNW. 

•00 

5 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

48-3 

29-6 

18-7 

•  •  e 

•  •  •  ti» 

•00 

3) 

6 

30-189 

42-0 

36-9 

•84 

•283 

47-0 

35-4 

11-6 

7,  8,  8 

NE,  N  by  W,  N  by  W. 

•00 

33 

7 

30-103 

42-6 

37-8 

•84 

•289 

45-3 

38-2 

7-1 

9,  10, 10 

N  by  E,  NNE,  NE. 

•oo 

33 

8 

29-973 

47-6;  42-4 

•83 

•344 

50-5 

41-7 

8-8 

5,  9,10 

NE  by  N,  NE  by  N,  NE. 

•05 

33 

9 

29994 

46-6 

41-2 

•83 

•332 

50-2 

42-1 

8-1 

5,10,  4 

NE,  N  by  E,  N  by  E. 

•oo 

10 

30249 

43-4 

34-8 

•74 

•297 

48-7 

38-6 

101 

0,  1,  0 

NW,  NNW,  NW  by  W. 

•oo 

5> 

11 

30-291 

43-3 

38-4 

•84 

•296 

47-1 

31-7 

15-4 

10,  8,10 

SW,  WSW,  SW  by  W. 

•oo 

55 

12 

T 

«*  •  • 

•  •  • 

•  •  • 

•  •  • 

47-7 

40-3 

7-4 

•  •  e 

>M  «  •  * 

•oo 

55 

13 

30-366 

42-4 

32-3 

•70 

•287 

47-4 

37-7 

9-7 

0,  1,  1 

E,  E,  E, 

•oo 

55 

14 

30-091 

46-0 

44-7 

*95 

•325 

52-3 

34-4 

179 

10,  10,  10 

ENE,  SSE,  SSW. 

•001 

15 

30-265 

46-9 

400 

•79 

•335 

51-6 

39-3 

12-3 

7,  2,  0 

NW  by  W,  NW  by  W,  — . 

•03: 

i  ” 

16 

30-242 

41-5 

37-7 

•88 

•278 

48-7 

28-6 

20-1 

9,  8,  4 

NE  by  E,  ESE,  SE  by  E. 

•oo< 

!  » 

17 

29-740 

53-2 

51-6 

*95 

•416 

550 

33-0 

22-0 

10, 10, 10 

S  by  W,SW,  WSW. 

•04; 

55 

18 

30-166 

44’8 

40-3 

•85 

•312 

48-6 

38-8 

9-8 

1,  6,  1 

W,  WSW,  SW  by  S. 

*20! 

55 

19 

•  .  • 

•  •  • 

•  •  • 

• »  • 

•  •  • 

551 

37-7 

17-4 

•  •  •  •  •  • 

*02' 

55 

20 

29-599 

51-1 

48-9 

•92 

•387 

55-6 

50-8 

4-8 

10,10,  8 

SSW,  — ,  s. 

•39! 

33 

21 

29-302 

50-8 

46-7 

•87 

•383 

54'7 

49-0 

5-7 

9,  7,  6 

SSW,  S  by  W,  S. 

*05( 

33 

22 

29-017 

51-5 

456 

•82 

•393 

55-9 

47-3 

8-6 

7,  6,  0 

SW,  SW,  SW. 

•16; 

55 

23 

29-487 

49-5 

43-8 

•82 

•367 

56-3 

46-7 

9-6 

1,  9,10 

SW,  — ,  SSE. 

•03; 

3: 

24 

29-378 

50-3 

42-7 

•77 

•377 

54-7 

49-3 

5-4 

9,  2,  0 

SW  by  S,  SW,  SW. 

•08! 

55 

25 

29-178 

51-6 

46T 

•83 

•394 

55-1 

45-2 

9-9 

10, 10, 10 

SSE,  SSE,  S. 

•01( 

55 

26 

•  •  • 

•  •  • 

.  .  » 

•  .  • 

•  •  • 

49-7 

45-2 

4-5 

•  •  • 

•OK 

33 

27 

29-709 

40-0 

37-7 

•92 

•264 

47-7 

31-6 

16-1 

10,  5,  6 

NE,  ESE,  SSE. 

•00( 

33 

28 

29*174 

46-6 

44-6 

•94 

•332 

48-8 

32-7 

161 

9, 10, 10 

SE  byE,  E,  S. 

•047 

33 

29 

29-587 

44-0 

40-4 

•88 

•304 

47-7 

45-5 

22 

10,10,  9 

WSW,  W,  SW  by  W. 

•35C 

33 

30 

29-958 

43-8 

41-8 

•93 

•302 

47-8 

39-7 

81 

10,  8,  1 

NNE,  N  by  W,  NNW. 

1 

1 
\  I 

•031 

Daily  | 
Means.  J 

29-854 

45-6 

40-9 

•85 

•323 

•  *  * 

•  •  • 

120 

•  i  * 

-•  ■  ■  -  ■—  ■  ■ 

1 

l*85f 

*  To  obtain  the  Barometric  pressure  at  the  sea-level  these  numbers  must  be  increased  by  '037  inch. 
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NOTES  ON  BYSSUS. 

BY  T.  GRAHAM  PONTON. 


Fig.  1. — Foot  and  Byssul  Muscles  of  Mussel,  a,  Foot;  b,  Byssus;  c,  c. 
Muscles. 

Fig.  2. — Under  Side  of  Foot  enlarged  ;  a  Portion  of  the  Integument  removed. 

A,  Groove ;  b,  Substance  of  the  Foot  uncovered ;  c,  Glandular 
Portion. 


Byssus  is  tEe  name  given  to  the  peculiar  threads,  by  means  of 
which  certain  of  the  mollusca  fasten  themselves  to  the  rocks. 
The  substance  is  a  very  peculiar  one,  varying  very  much  in 
appearance  and  texture,  being  sometimes  black,  as  in  the 
mussel;  sometimes  of  a  golden  brown,  as  in  the  pinna;  some¬ 
times  hard  and  stiff,  and  sometimes  soft  and  silky. 

It  is  a  very  curious  and  interesting  experiment  to  watch 
the  mode  in  which  this  substance  is  formed,  which  is  much  as 
follows  : — On  cutting  away  the  byssus  from  one  of  the  attached 
mollusca,  the  common  mussel,  for  instance,  you  will  observe 
that  the  animal  will  soon  after  protrude  a  small  finger-like 
object  from  the  side  of  its  shell ;  this  is  the  foot. 

You  will  then  notice  that  the  point  of  the  foot  will  be 
placed  against  the  glass  in  which  the  animal  is  confined,  and 
suddenly  withdrawn  with  a  peculiar  sort  of  jerk.  If  you  now 
look  very  closely  at  the  point  of  the  foot,  you  will  see  a  fine 
white  thread  stretching  between  it  and  the  glass.  This  is  the 
first  thread  of  the  new  byssus. 
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The  process  is  repeated  at  intervals,  a  fresh  thread 
being  formed  each  time,  until  the  byssus  is  restored  to  its 
original  state.  Such  is  the  mode  in  which  the  byssal  threads 
are  attached  by  the  animal  to  the  rocks,  but  the  most  curious 
part  of  the  question  yet  remains  unsolved. 

The  process  just  described  is,  so  to  speak,  a  purely 
mechanical  one,  but  the  one  next  to  be  considered  involves  the 
existence  of  a  secreting  apparatus,  which  is  quite  unique  in 
animal  economy.  We  have  seen  that  the  threads  are  spread, 
as  it  were,  by  the  foot.  We  have  now  to  inquire  where 
these  threads  are  formed,  and  of  what  they  are  composed. 

Two  modes  of  explaining  the  formation  of  this  curious  sub¬ 
stance  are  in  vogue  among  naturalists. 

The  first,  and  the  one  which  has  found  most  favour  in 
England  is,  that  the  byssus  is  the  result  of  a  peculiar  exudation, 
which  is  secreted  by  a  gland  specially  adapted  for  the  purpose. 

The  second  is  that  proposed  by  M.  de  Blainville,  a  detailed 
account  of  which  will  be  found  in  the  first  volume  of  his  Ma¬ 
nual  de  Malacologie. 

He  considers  the  byssus  as  consisting  of  fibres  of  the  pedal 
muscle  which  have  become  attached  to  some  foreign  bodv,  and 
agglutinated  together  at  their  largest  extremity,  but  still  re¬ 
taining  vitality  and  contractility  throughout  their  entire  length. 
As  regards  the  latter  theory,  the  difficulties  connected  with  it 
are  so  great  as  to  be  almost  insurmountable.  For,  although 
perhaps  not  impossible,  yet  it  would  be  an  extraordinary  thing 
for  muscular  fibre  of  this  kind  to  be  reproduced,  after  being 
entirely  cut  away  ;  which  byssus,  as  we  have  seen,  undoubtedly 
is.  And  moreover,  the  byssus  threads  are,  so  far  as  I  can  dis¬ 
cover,  neither  living  nor  contractile,  as  De  Blainville  states — a 
fact  which  militates  strongly  against  their  being  muscular 
fibre. 

On  the  other  hand,  only  one  great  objection  can  be  brought 
against  the  first  theory ;  that  is,  what  can  be  the  nature  of  a 
substance  which  is  perfectly  soft  and  flexible,  and  at  the  same 
tune  completely  resists  the  solvent  power  of  water,  and  which, 
although  when  first  exuded  is  quite  white,  yet,  in  a  short  time 
generally  becomes  a  golden  brown,  and,  in  some  cases,  black. 

This,  however,  is  the  theory  which  I  am  inclined  to  believe  to 
be  the  correct  one.  On  removing  one  of  the  valves  of  a  mussel, 
and  carefully  cutting  away  the  soft  portions  of  the  animal,  the 
loot,  and  byssus  attached  to  a  sort  of  flange  at  the  back  of  the 
oot,  will  be  seen,  together  with  the  powerful  muscles  which 
control  their  various  motions.  The  foot  is  very  small,  with  a 
groove  running  along  its  base,  and  serves  merely  to  mould 
and  give  form  to  the  byssal  threads. 

Having  set  out  with  the  opinion  that  these  threads  are  the 
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result  of  a  secretion,  now  comes  the  question  as  to  where  the 
gland  which  secretes  them  is  situated.  About  this  there 
have  been  many  diverse  opinions.  One  man  says  it  is  at  the 
back  of  the  foot,  between  the  pedal  muscles.  Another  says 
that  it  is  in  the  flange,  which  carries  the  byssus. 

The  latest  opinion,  and  the  one  which  such  observations  as 
I  have  made  induces  me  to  accept  as  correct,  fixes  its  posi¬ 
tion  as  follows  : — 

If  a  portion  of  the  integument  of  the  foot  be  laid  back  on  each 
side  of  the  groove,  it  will  be  found  that  all  that  portion  of  the  sub¬ 
stance  of  the  foot  which  surrounds  the  groove  is  glandular  in  its 
structure,  and  it  is  this  glandular  substance  which  is  believed  to 
secrete  the  peculiar  substance  of  which  the  byssal  threads  are 
formed.  The  secretion  exudes  through  a  pore  at  the  com¬ 
mencement  of  the  groove,  and  running  along  it,  is  attached 
to  the  required  spot  by  the  foot,  as  before-mentioned. 

Our  next  inquiry  naturally  is,  what  is  the  nature  of  the 
byssal  secretion  ?  When  examined  under  the  microscope,  the 
byssal  threads  present  little  appearance  of  structure,  being 
apparently  simply  hollow  sheaths. 

I  have  examined  them  chemically,  and  the  results  of  the 
various  re-agents  employed  would  seem  to  show  that  they  are 
similar  in  composition  to  Keratine,  a  substance  found  in  horn, 
nail,  and  some  other  animal  bodies.  The  reactions  v^ere,  how¬ 
ever,  rather  uncertain,  so  that  I  should  not  like  to  give  a 
decided  opinion  as  to  their  true  nature. 
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LUNAR  DETAILS.  OCCULTATIONS. 

BY  THE  KEV.  T.  W.  WEBB,  A.M.,  E.R.A.S. 

Beeoke  we  finally  leave  the  Mare  Serenitatis  we  must  allude  to 
a  remark  by  Beer  and  Madler,  who  observe  that,  except  the 
If.  Crisium,  it  seems  to  be  the  deepest,  as,  next  to  the  M. 
Frig  oris,  it  is  the  most  reflective,  of  the  plains  in  the  N.W. 
quadrant;  and  that  its  interior  contains  no  steep  declivities 
anywhere,  even  in  its  craters,  whence,  in  all  likelihood,  the 
difficulty  of  making  them  out,  and  the  probability  of  the 
existence  of  more,  among  the  luminous  spots  of  this  surface. 
The  peaks,  however,  it  may  be  remarked,  on  the  ring  of 
Fessel  (Int.  Obs.  viii.  294),  are  not  quite  in  accordance  with 
this  statement.  As  far  as  it  goes,  it  would  seem  to  indicate 
an  unusual  fluidity  in  the  surface,  at  the  period  of  its  receiving 
its  present  form. 

We  shall  now  take  the  mountain  mass  of  the  Caucasus  (16 
in  our  Index  Map),  not  so  remarkable  for  its  extent — which 
measures,  according  to  Schroter,  about  140,  by  50  to  55  miles — 
as  for  its  altitude.  In  this  respect  it  rivals  the  neighbouring 
Apennines,  and  surpasses  all  other  lunar  elevations,  except 
the  ranges  Dorfel  and  Leibnitz,  near  the  S.  pole ;  to  which 
might  be  added,  on  SchrotePs  authority  (confirmed  by  B.  and 
M.  themselves  in  the  latter  instance),  the  Booh  and  D’Alembert 
mountains,  on  the  E.  limb.  On  the  W.  side  the  Caucasus 
exhibits  plateaus  and  valleys ;  on  the  E.  it  stretches  along  in 
an  unbroken  range,  though  of  very  unequal  elevation,  the 
great  summits  not  forming  ridges  like  the  Apennines,  but 
rising  in  insulated  masses  above  the  Palus  Nebularum,  as  that 
part  of  the  M.  Imbrium  is  called  which  lies  immediately  at 
their  feet.  “  Here  we  have  in  a  small  extent,  and  on  a  pro¬ 
portionally  low  base,  a  mountain  mass  of  Alpine  character 
towering  up ;  the  peaks  raise  themselves  in  steep  aiguilles, 
and  their  shadow  usually  shows  itself  as  a  sharp  line,  scarcely 
any  longer  distinguishable,  at  its  extreme  end,  from  its  slender¬ 
ness  ;  33  the  saddles,  or  cols,  between  them,  are  very  deeply 
depressed.  Towards  the  S.  are  numerous  detached  mountains^ 
which,  though  less  steep,  are  very  sharp  in  their  outlines,  and 
have  a  noble  appearance.  The  highest  mass  of  the  whole 
range  lies  just  E.  of  the  only  considerable  crater  enclosed  in 
it ,  Calippus  ]  its  loftiest  peak  (Calippus  a)  reaches  the  vast 
height  of  18,600  feet,  considerably  surpassing  our  Mont  Blanc — 
Schroter  had  given  it  16,800  feet;  another  summit  a  little 
to  the  S.  measures  13,300  feet.  A  headland  a  few  miles 
further  S,  which  projects  into  the  P.  Nebularum ,  rises  to 
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8,700,  and  tlie  last  of  tlie  chain,  where  it  sinks  into  the  great 
strait  between  the  M.  Serenitatis  and  the  M.  Imbrium,  to  9,100 
feet;  a  magnificent  termination  to  a  superb  range.*  The 
passes  on  the  E.  side  frequently  do  not  exceed  2,600  feet ;  but 
some  of  the  interior  summits  are  very  lofty,  especially  Cali'p - 
jpus  <y  and  8,  both  a  short  distance  N.W.  of  the  crater  so 
named,  which  are  respectively  11,800  and  11,700  feet  above 
the  low  country  on  that  side. 

Craters  are  either  unusually  rare  in  this  region,  or  (as  B. 
and  M.  think  more  probable)  very  small,  and  concealed  by 
their  position.  Schroter  has  delineated  a  rather  greater 
number;  but  a  little  experience  will  convince  any  careful 
observer  that  the  shadows  of  an  irregular  surface  under  a  low 
illumination  are  occasionally  deceptive  in  form,  and  may 
require  testing  under  other  angles  of  incident  light.  Lohr- 
mann,  however,  in  his  general  map,  also  shows  more  than  B. 
and  M.  But  there  is  one  regularly  formed  crater  of  consider¬ 
able  magnitude,  and  easily  distinguishable,  lying  in  the  heart 
of  the  mountains,  Gali'pjpus,  already  referred  to.  This  is 
upwards  of  1 7  miles  in  diameter ;  the  interior  wall  has  a  sharp 
declivity  of  50°  or  60°,  and  its  exterior  slopes  more  rapidly 
than  is  generally  the  case ;  there  are  strong  terraces  towards 
the  W.,  in  which  direction  the  depth  of  the  bowl  is  7,700 
feet.  Schroter,  who  thought  he  perceived  traces  of  a  central 
hill,  gave  the  depth  at  least  9,800  feet.  This  observer  speaks 
of  the  countless  peaks,  defying  all  representation,  with  which 
this  region  is  studded,  and  has  given  a  figure  of  the  spires  and 
obelisks  of  shade  which  the  E.  edge  casts  towards  the  termi¬ 
nator  under  the  rising  sun.  The  student,  who  will  be  well 
repaid  by  the  grandeur  of  the  sight,  may  look  for  them  about 
the  first  quarter;  but  no  exact  time  can  be  predicted,  on 
account  of  the  change  produced  by  libration  in  longitude. 
With  the  opposite  illumination  of  the  lunar  sunset,  the  effect 
is  still  beautiful,  though  not  equally  impressive ;  the  same  E. 
edge  then  appears,  near  the  terminator,  as  an  irregular  bright 
streak,  the  comparative  narrowness  of  which  shows  the  rapidity 
of  the  slope  on  this  side ;  and  there  would  be  little  difficulty, 
from  a  combination  of  micrometrical  measures  of  the  breadth 
of  the  illuminated  part  with  the  heights  given  by  B.  and  M., 
in  obtaining  a  vertical  section,  or  profile,  in  this  direction,  of 
some  of  these  magnificent  mountains. 

Enclosed  in  the  S.  portion  of  the  mass,  Schroter  has  repre¬ 
sented  a  depression,  which  cannot  be  satisfactorily  identified 
on  the  maps  of  B.  and  M.,  or  Lohrmann,  but  which  is  figured 
by  the  former  observer  as  an  elliptical  wall  lying  N.  and  S., 
with  a  flat  interior.  This  inner  portion  he  found  e{  neither 
*  Sch.  gives  5,600  feet — probably  for  another  point. 
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blackish,  nor  properly  grey,  but  somewhat  bluish,”  an  observa¬ 
tion  worthy  of  the  more  attention,  if  the  spot  can  be  recovered, 
us  being  made  with  a  reflector,  in  which  there  would  be  less 
liability  to  accidental  colour  than  with  an  achromatic. 

We  next  take  the  very  interesting  region  of  Eudoxus  (17) 
and  Aristoteles  (18),  with  the  chain  of  the  Alps  (19).  This 
hilly  district,  lying  between  the  M.  Sermitatis,  on  the  S.,the 
Lacus  Somniorum  and  (further  N.)  the  L.  Mortis ,  on  the  W., 
the  M.  Frig  oris  on  the  N.,  and  extending  to  the  first  lunar 
meridian  on  the  E.,  has  a  sharply  defined  contour  under  a  high 
illumination,  though  its  details  are  then  but  little  distinguish¬ 
able,  and  even  Eudoxus  and  Aristoteles  would  be  overlooked, 
excepting  by  those  well  acquainted  with  their  position.  At 
such  times  the  whole  region  appears  sprinkled  with  luminous 
dust ;  there  must  evidently  be  several  thousands  of  these  points, 
though  it  is  impossible  to  perceive  them  separately.  It  seems 
scarcely  practicable  to  get  a  correct  design  here.  Our  atmos¬ 
phere  is  seldom  clear  enough  to  bring  out  the  details  distinctly, 
close  to  the  terminator ;  nor  can  sufficient  progress  be  made 
in  a  single  night  to  enable  the  work  of  the  next  to  be  joined 
on  to  it ;  so  that  portions  have  to  be  drawn  separately,  and  the 
whole  design  can  only  be  completed  after  a  long  series  of  luna¬ 
tions.  The  greatest  difficulty,  however,  lies  in  the  overshadow¬ 
ing  of  the  lower  by  the  higher  hills,  till  they  are  too  far  from 
the  terminator  to  appear  in  distinct  relief;  for  u  it  is  nowhere 
upon  the  lunar  surface  permitted  to  infer,  from  luminous 
points,  an  elevation,  or  the  contrary.” 

Eudoxus  (17),  is  a  noble  ring,  not  measured  by  B.  and  M., 
but  upwards  of  50  miles*  in  diameter,  according  to  Schroter, 
within  which  he  could  detect  no  trace  whatever  of  any  in¬ 
equality,  doubtless  from  having  examined  it  at  too  great  a 
distance  from  the  terminator,  as  B.  and  M.  found  it  full,  in 
every  part,  of  unevenness.  This  is  an  instance  of  the  caution 
required  in  such  investigations.  The  wall  is  doubled  on  the 
S.E.  side  by  a  narrow^  intervening  gorge ;  its  interior  shows 
broad  terraces  and  separate  promontories.  At  the  E.  end  it 
rises  in  one  place  to  9,800  feet ;  at  the  opposite  to  11,300  feet, 
and  two  summits  close  together  to  14,900  feet  ;  our  authors 
consider  that  these  measurements  do  not  possess  any  great 
degree  of  certainty ;  Schroter,  however,  has  given  the  depth 
12,600  feet,  and  observes,  that  the  terrestrial  Etna  itself 
would  stand  in  this  great  cavity  without  overtopping  the 
wall. 

On  the  N.E.,  beyond  a  high  ridge,  is  an  extent  of  about 
1,270  square  miles,  occupied  by  upwards  of  100  hills  ; — a  chaos, 
in  disentangling  which  B.  and  M.  could  not  fully  succeed,  and 

*  This  is  probably  somewhat  in  excess. 
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whose  delineation,  had  it  been  possible,  would  have  required  a 
much  larger  scale. 

Aristoteles  (18),  51  miles  in  diameter,*  is  nearly  as  deep  as 
Eudoxus ,  but  its  wall,  though  flattened  in  places,  is  much  more 
rich  in  peaks,  and  attended  on  the  inside  by  stronger  and  more 
connected  parallel  ridges,  which  can  hardly  be  called  “  ter¬ 
races,^  since  they  are  almost  everywhere,  but  especially  on  the 
W.,  divided  by  deep  valleys  from  the  main  rampart.  It  is 
very  inconspicuous  in  Full  Moon,  but  in  the  N.E.  part  of  the 
interior  two  dark  spots  may  be  perceived  of  only  2°  reflective 
power.  It  does  not  seem  to  have  been  expressly  remarked  by 
B.  and  M.,  but  it  is  certainly  deserving  of  notice,  that  similar 
dark  areas  are  not  unfrequently  met  with  in  some  parts  of  the 
interiors  of  large  walled  plains.  We  had  a  remarkable  instance 
in  Atlas ,  and  others  will  come  before  us  hereafter.  The  inner 
surface,  though  supposed  by  Schroter  to  be  very  even,  from 
the  deceptiveness  of  a  high  illumination,  as  in  the  case  of 
Eudoxus ,  is  really  very  irregular.  Our  authors  observe  that 
the  interior  of  each  of  these  great  craters  resembles  the 
exterior,  both  as  to  the  brightness  and  the  character  of  the 
surface ;  an  unusual  circumstance,  when  great  rings  occur  in 
mountainous  districts.  The  wall  of  Aristoteles  rises  to  10,500 
feet  on  the  W.,  10,700  feet  on  the  E.  side.  To  rhe  W.  lies  a 
smaller,  but  equally  deep  crater  (a),  like  a  reduced  copy  of  if, 
which,  as  Schroter  observes,  offers  an  exception  in  not  en¬ 
croaching  upon  the  outline  of  its  gigantic  neighbour.  It  may 
be  a  question  whether  this  is  any  proof  of  contemporaneous 
origin. 

But  what  distinguishes  Aristoteles  from  all  other  lunar 
rings  are  the  rows  of  hills  which  take  their  departure  from  it 
in  three  definite  directions,  N.E.,  N.W.,  and  S.W.  Similar 
rows,  indeed  (not  to  be  confounded  with  mere  luminous 
streaks),  issue  from  very  many  rings  :  for  instance,  Aristillus , 
which  will  shortly  come  under  our  notice ;  but  they  nowhere 
appear  equally  numerous,  and  at  the  same  time  so  regularly 
linear  and  parallel,  as  here.  Their  directions,  too,  are  at  right 
angles  to  each  other,  and  the  axes  of  the  three  systems  inter¬ 
sect  in  the  centre  of  the  great  crater — more  than  enough,  as 
B.  and  M.  justly  remark,  to  convince  us  that  no  product  of 
mere  chance  here  lies  before  the  eye.  Moreover,  we  see  here, 
as  it  were  in  miniature,  the  type  of  the  directions  of  almost 
all  the  great  mountain  chains  of  the  moon ;  and  the  region  of 
Aristoteles  is  a  model  on  a  small  scale,  illustrating  the  great 
whole.  This  crater  is  the  centre  of  the  working  forces,  which 
appear,  like  those  of  crystallization,  to  have  exerted  themselves 
solely  in  the  specified  directions,  and  not  at  any  intermediate 
#  57 2,  according  to  Sch>*,,  keeping  due  proportion  with  Eudoxus. 
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angle.  The  same  directions  may  be  distinguished,  though  less 
evidently,  around  Eudoxus.  “  Here  is  a  wide  field  for  investi¬ 
gation  ;  and  if  it  should  ever  come  to  pass  that  this  seleno- 
genetic  hieroglyphic  could  be  explained,  an  important  advance 
would  be  gained  in  the  physical  knowledge  of  the  heavenly 
bodies.”  The  individual  hills  themselves  are  extremely 
minute ;  many,  if  insulated,  would  pass  unnoticed,  and  the 
greater  part  may  still  have  escaped  discovery.  The  rows  on 
the  N.E.  are  in  general  the  longest,  and  the  hills  most  se¬ 
parated  :  there  is  little  difference  in  their  relative  elevation — 
at  least,  no  uniform  diminution  in  any  certain  direction  is  per¬ 
ceptible.  Their  general  base  is  a  slightly  inclined  table-land, 
and  the  valleys  between  these  rows  or  chains  ascend  very  gra¬ 
dually,  with  a  gradient  of  about  pW,  towards  Aristoteles.  The 
two  other  systems  are  composed  of  shorter  and  more  connected 
rows,  that  rapidly  decrease  in  relative  height.  Not  a  single 
point  in  these  chains  is  remarkable  for  reflective  power;  and 
they  would  be  sought  in  vain  in  the  full  moon,  or  even  at  a 
distance  of  more  than  12°  or  15°  from  the  terminator.  On 
the  whole,  these  systems  can  be  observed  but  seldom,  and 
never  all  at  the  same  time ;  and  our  authors  would  not  recom¬ 
mend  any  one,  even  with  the  aid  of  the  best  instruments,  to 
begin  his  lunar  studies  with  such  objects.  The  best  oppor¬ 
tunity  for  their  observation  is  in  the  increasing  moon  of  March 
and  April  and  the  wane  of  October. 

Schroter  missed  these  singular  configurations,  and  unfortu¬ 
nately  they  are  not  included  in  LohrmamBs  (i  Sections 
they  appear  in  his  general  Map,  but  with  less  regularity  than 
in  that  of  B.  and  M.  I  have  seen  them  on  several  occasions, 
not  far  from  the  first  quarter.  In  one  instance  I  have  noted 
that  the  interior  of  Aristoteles  was  less,  and  that  of  Eudoxus 
more  than  half  covered  with  shadow,  which  may  serve  as  an 
approximate  guide  to  the  suitable  time  for  observation.  The 
accompanying  illustration,  taken  from  the  Map  of  B.  and  M., 
will  give  some  idea  of  what  ought  to  be  looked  for.  The 
curious  district  to  the  S.W.,  where  five  or  six  low  ridges  run 
at  right  angles  into  a  higher  one,  is  separately  described  by 
B.  and  M.  as  belonging  to  another  region ;  but  its  peculiar 
arrangement  seems  to  connect  it  writh  the  neighbouring  forma¬ 
tions. 

Immediately  S.W.  of  Eudoxus  lies  a  table-land  ending 
towards  the  S.  in  a  point  marked  A.  “  But  who  could  under¬ 
take,”  say  our  authorities,  u  to  count  the  number  of  the  hills 
that  lie  on  the  S.  and  S.W.  of  Eudoxus ,  and  from  the  above- 
mentioned  plateau  near  A  towards  the  If.  Serenitatis  ?  The 
mountains  crowd  themselves  here  like  the  stars  of  the  Milky 
Way  in  its  densest  parts,  so  that  a  correct  portrait  of  them  in 
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detail  seems  to  belong  to  tlie  impossibilities.”  This  region 
stretches  out  towards  the  S.W.  in  the  direction  of  Posidonius , 


terminating  in  a  steep  high  mountain,  Posidonius  E.  (the  Pro - 
montorium  Hippolai  of  Hevel)  ;  on  the  E.  it  joins  the  Cau¬ 
casus,  and  merges  in  a  dusky  plain  between  Calippus  and 
Eudoxus. 

Nearly  E.  of  Eudoxus,  and  N.  of  Calippus,  a  mountain- 
ridge  running  in  the  meridian  distinguishes  itself  by  its  bril¬ 
liancy  (7°)  in  the  full  moon.  It  rises  to  a  height  of  nearly 
7,400  feet.  Schroter  has  made  it  10,200. 

S.S.E.  of  Aristoteles  lies  a  curious  rampart  (somewhat  like 
a  camp),  included  in  the  above  diagram,  and  called  Egede. 
The  wall  is  extremely  narrow,  but  pretty  steep  within,  and 
rises  only  about  380  feet  above  the  surface  on  either  hand. 
Its  form  is  somewhat  quadrangular,  and  the  bearings  of  its 
sides  correspond  with  those  of  the  chains  of  hills  round  Aris¬ 
toteles.  It  is  an  easy  object  near  the  terminator,  but  disappears 
under  higher  illumination.  Schroter,  who  had  overlooked  it 
during  his  observations  of  eight  years,  was  disposed  to  think 
some  artificial  change,  such  as  would  arise  from  cultivation, 
might  have  made  the  grey  tint  of  its  interior  more  con¬ 
spicuous. 

Further  E.  we  come  to  one  of  the  greatest  curiosities  of 
the  lunar  surface,  the  Wedge-shaped  Valley  of  the  Alps,  shown 
in  our  Index-Map  just  beneath  the  figure  19.  The  existence 
of  this  object  seems  to  have  been  indicated  in  C  as  sinks  Map,* 
but  it  was  carefully  observed  and  delineated  for  the  first  time 
by  Bianchini  at  Borne,  with  a  refracting  telescope  of  about  102 
feet,  the  work  of  Campani,  who  was  the  most  celebrated  maker 

#  That  is,  according  to  Bianchini.  Schroter  says  that  he  missed  it. 
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of  the  day.  It  is  a  colossal  ravine,  83  miles  long,  and  5  j  to 
3tt  miles  wide,  which  cleaves  in  a  direct  line  a  mass  of  tvild  and 
steep  mountain  scenery,  sinking  with  extraordinary  abruptness 
to  a  depth  of  at  least  11,500  feet,  and  easily  recognized  in 
every  phasis.  Its  sides  are  crested  with  densely  crowded 
peaks,  but  these  are  of  little  importance  compared  with  the 
precipices  beneath  them.  These  cliffs  are  steepest  at  the  E. 
end,  where  it  breaks  through  the  loftiest  masses  of  the  Alps  ; 
and  here  it  sends  out  several  lateral  valleys  which  insulate 
their  peaks.  Its  bottom  contains  some  ridges  parallel  to  its 
length  ;  and  Schroter  noticed  on  one  occasion  two  very  minute 
craters,  one  within,  the  other  without,  the  edge,  on  the  N.E. 
side;  the  former  of  which  appears  also  in  L.  The  infrequent 
and  uncertain  visibility  of  objects  of  this  class,  under  corres¬ 
ponding  circumstances  of  optical  power  and  definition,  has 
been  referred  by  Schroter  with  some  plausibility  to  variations 
in  the  lunar  atmosphere.  The  broader  end  terminates,  ac¬ 
cording  to  him,  in  a  semicircle,  which  would  resemble  the 
glorious  Cirque  de  Gavarnie,  in  the  Pyrenees  ,  but  B.  and 
M.,  and  Lokrm.,  carry  it  on  as  a  contracted  gorge.  There 
is,  however,  a  sufficient  want  of  accordance  between  their 
representations  to  make  it  an  eligible  undertaking  for  amateurs 
possessed  of  adequate  instruments  to  plan  out  its  marvellous 
details  with  all  attainable  minuteness.  The  task  would  be 
one  of  no  small  interest.  They  would  have  before  them 
features  unparalleled,  probably,  upon  the  earth.  Imagine  a 
precipitous  gulf  extending  for  more  than  80  miles ;  in  whose 
greatest  depth  the  pride  of  the  Pyrenees  or  Apennines 
would  disappear  ! 

Between  this  enormous  cleft,  Egede,  and  the  grey  levels 
of  the  P.  Nebularum  to  the  S.,  is  a  large  tract  of  hilly 
ground,  of  extremely  difficult  delineation.  Schroter  per¬ 
ceived  here  about  fifty  separate  summits;  B.  and  M.  estimate 
their  number,  with  a  good  aperture  and  power  of  160,  at 
least  700  or  800.*  These  have  no  communication  with  the 
hilly  region  already  mentioned  as  lying*  N.E.  of  Eudoxus.  I 
have  repeatedly  viewed  this  curious  district  with  wonder, 
both  before  and  after  the  quadrature ;  on  one  occasion  it 
struck  me  as  resembling  a  quantity  of  minute  pellets  of 
garden  mould  spread  out  over  a  gently  sloping  surface. 

Further  E.  the  ground  begins  to  rise  into  the  true  base 
of  the  Alps,  and  becomes  crowded  with  considerable  ridges 
and  depressed  rows  of  hills,  with  intervening  valleys,  leaving 

*  A  little  closer  examination  of  their  predecessor  would  have  reduced  the 
extent  of  their  intimated  superiority.  Schroter  counted  48  or  50  with  a  power 
of  112  in  a  4-inch  achromatic;  saw  more  with  226;  and  in  his  27*ft.  reflector 
expressly  calls  them  innumerable. 
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only  a  narrow  width  for  that  lofty  chain.  On  the  other 
side  of  the  wedge-shaped  valley  the  landscape  maintains  a 
similar  character,  presenting  high,  steep  mountains,  with  no 
regularity  and  little  connexion,  surrounded  by  lower  eleva¬ 
tions  on  a  base  sinking  towards  the  N.  into  the  M.  Frig  oris. 
It  forms  the  W.  end  of  the  most  extensive  hill- district  of 
this  kind  in  the  whole  visible  lunar  surface,  stretching  away 
under  various  modifications  into  the  next  quadrant  beyond 
the  Sinus  Iridum ,  with  a  length  of  at  least  920,  and  a 
breadth  varying  from  90  to  230  miles. 

The  Alps,  properly  so  called  (19  in  our  map),  are  the 
lofty  E.  and  N.  edge  of  the  W.  portion  of  this  region,  ex¬ 
tending  about  156  miles,  as  far  as  the  great  wall-plain  Plato 
(38).  They  rise  with  an  abruptness  inferior  to  that  of  no 
lunar  mountains,  out  of  the  low  dark  plain  of  the  M.  Im - 
brium,  with  which  their  bright  summits  form  a  contrast 
easily  recognized  under  every  illumination ;  but  though  their 
internal  structure  is  the  same  with  that  of  the  Caucasus , 
they  do  not  attain  an  equal  height  with  it  or  with  the  lunar 
Apennines.  The  lover  of  appropriate  nomenclature  may  on 
this  account  regret  the  misplacing  of  the  names  of  the  last- 
mentioned  range  and  the  Alps ;  but  had  Hevel  been  fully 
acquainted  with  the  comparative  altitude  of  the  European 
chains  (and  there  is  no  reason  to  infer  his  ignorance  in  this 
respect),  he  would  not,  as  B.  and  M.  suggest,  have  reversed 
these  appellations,  as  his  system  was  based  wholly  upon  a 
fancied  correspondence  in  position  of  the  principal  features 
of  the  earth  and  moon.  A  peak,  called  by  B.  and  M. 
Cassini  y,  begins  the  range  on  the  S.,  rising  like  a  bright 
white  tower  from  the  dusky  P.  Nebularum,  which  encom¬ 
passes  it  nearly  on  every  side.  Its  height  is  7,600  feet 
(7,100  Schroter),  but  little  short  of  the  magnificent  Niesen, 
which  so  many  Swiss  tourists  will  call  to  mind  as  over¬ 
looking  all  the  picturesque  Lake  of  Thun.  The  second, 
Cassini  z,  is  a  similar  peak,  forming,  with  two  others,  a 
beautiful  triangle,  which  glitters  far  off  in  the  lunar  night, 
and  casts  long  shadows  from  the  risen  sun.  It  reaches  8,500 
feet  (nearly  7,000,  Schroter) — more  than  the  Breven  near  Cha- 
mouni.  The  next  in  order  is  not  so  lofty,  and  a  spur  runs  off 
here  into  the  plain.  But  before  we  reach  the  end  of  the  wedge 
we  encounter  a  great  mass,  combining  several  summits  of 
various  forms,  to  which  Schroter  gave  the  name  of  Mont  Blanc , 
and  which  lies  in  a  latitude  almost  exactly  corresponding  with 
that  of  its  European  namesake.  He  gave  it,  from  a  mean  of 
three  measures,  1 4,000  feet;  B.  and  M.  only  11,900  feet.  Even  if 
we  adopt  the  smaller  value,  the  aspect  of  this  giant  from  the  out¬ 
stretched  level  beneath  must  be  more  imposing  than  that  of 
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our  Mont  Blanc,  at  15,784  feet,  among  a  host  of  minor  eleva¬ 
tions.  Midway  between  the  great  valley  and  the  S.  edge  of 
Plato ,  where  the  general  height  declines,  one  bright  summit, 
Plato  X,  attains  12,000  feet;  Schroter  gives  but  8,600  feet,  pro¬ 
bably  from  the  shadow  then  terminating  in  elevated  ground. 
He  assigns  to  a  peak  in  the  interior,  between  X  and  the 
narrow  end  of  the  wedge ,  a  height  of  1 0,200  feet  above  the 
vicinity ;  in  accordance  with  the  remark  of  B.  and  M.  that 
the  base  of  these  mountains,  like  that  of  the  Caucasus ,  reaches 
but  a  small  proportion,  hardly  one-third,  of  the  altitude  of  the 
peaks  which  they  sustain.  I  have  noticed,  with  Schroter,  the 
grand  spires  of  shade  which  these  mountains  cast  after  their 
sunrise.  With  an  opposite  illumination  their  aspect  is  like 
that  of  the  Caucasus,  a  brightly  illuminated  but  narrow 
border  to  the  M.  Imbrium. 

OCCULTATXONS. 

Feb.  23rd,  130  Tauri,  6  mag.,  5h.  31m.  to  6h.  24m. — 26th, 
A1  Cancri ,  6  mag.,  9h.  51m.  to  llh.  7m. — 27th,  h  Leonis , 
6  mag.,  7h.  48m.  to  9h. — 28th,  B.  A.  C.  3529,  6  mag.,  6h. 
57m.  to  7h.  46m. 


COMETS. 

OBJECTS  RECORDED  AS  NEBULAS,  BUT  NOW  SUSPECTED  TO 

HAVE  BEEN  COMETS. 

BY  G.  F.  CHAMBERS,. 

{Continued  from  Page  380,  vol.  viii.) 

The  following  are  cited  from  Sir  J.  HerscheTs  great  Cata¬ 
logue  of  Nebulas,  published  in  the  Philosophical  Transactions 
for  1864.  I  have  not  yet  been  able  to  recover  the  original 
dates  of  three  out  of  the  four 

No.  614.  R.  A.  for  1860,  2h.  44m.  6s. ;  Heel.  +36°  55'* 7. 
Observed  by  Bessel.  Looked  for  and  not  found  by  D* Arrest, 
who  supposes  it  to  have  been  a  comet. 

No.  2094.  R.  A.  for  1860,  lOh.  17m.  5s.;  Heel.  +27°  43'*9. 
Observed  by  Sir  J.  Herschel.  Looked  for  six  times  by  Lord 
Rosse,  and  not  found ;  “  this,  then,  w^as  a  comet  or  lost 
nebula/’ 

50  L  III.  On  March  19,  1784,  Sir  W.  Herschel  observed 
an  exceedingly  faint  nebula  3m.  15s.  following  the  star  45 
Canum,  and  4m.  S.  Sir  J.  Herschel  states  that  he  has  found 
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a  memorandum  that  this  nebula  is  lost,  and  was  probably  a 
comet. 

No.  3550.  R.  A.  for  1860,  13h.  21m.  13s. ;  Deol.  +6°43'*4. 
Observed  by  D* Arrest,  but  not  found  again,  on  February  19, 
1863.  Sky  perfectly  clear.  “  Perhaps  a  comet/5 

As  the  catalogue  is  now  completed,  probably  the  reader 
would  not  be  indisposed  to  peruse  a  summary  of  it  and 
the  former  catalogue,  published  in  Recreative  Science.  The 
results  have  been,  in  all  cases,  brought  up  to  the  present 
year. 

Altogether  796  comets  have  passed  under  review;  this, 
then,  represents  the  total  number  of  comets  placed  on  record, 
by  the  historians  in  early  times,  and  by  the  regular  astrono¬ 
mers  subsequently.  As  some  uncertainty  attaches  to  many  of 
the  early  comets,  in  consequence  of  the  incomplete  or  vague 
character  of  the  language  employed  to  describe  them,  we  may 
say  that  in  round  numbers  about  800  comets  are  known  to 
have  passed  through  our  system.  Of  these,  291  have  been 
subjected  to  calculation,  by  which  (except  in  a  few  cases)  we 
have  been  made  fully  acquainted  with  the  size  and  character 
of  their  courses  through  space,  or,  in  technical  phrase,  with 
the  elements  of  their  orbits.  The  orbits  of  comets  are  of  three 
kinds,  each  a  section  of  a  cone. 

If  a  cone  be  cut  parallel  to  its  base,  the  section  will  be  a 
circle.  No  comets  revolve  in  an  orbit,  thus  obtained,  but  the 
orbits  of  most  of  the  planets  are  very  nearly  true  circles.  If 
one  cone  be  cut  diagonally,  the  section  will  be  an  ellipse. 
This  is  the  curve  in  which  nearly  all  the  planets  and  such 
comets  as  are  periodical  revolve.  Again,  if  the  cone  be  cut  in 
a  direction  parallel  to  one  of  its  faces,  the  section  will  be  a 
parabola.  Finally,  if  the  direction  of  the  section  be  still  fur¬ 
ther  inclined  over,  the  resulting  outline  will  be  that  of  a  hyper¬ 
bola.  Whilst  a  considerable  number  of  comets  are  known  to 
follow  elliptic  paths,  most  of  the  residue  have  traversed  para¬ 
bolic  paths.  The  known  hyperbolic  comets  amount  only 
to  five  in  all. 

The  reader  may  obtain  a  very  sufficient  idea  of  these 
matters  by  actually  operating  for  himself  on  a  real  cone 
of  soap ;  in  this  way  he  will  find  that  as  the  parabolic  and 
hyperbolic  curves  have  no  end,  or,  as  the  mathematician  calls 
it,  are  of  infinite  length,  comets,  following  such  curves,  pass 
once  only  through  the  solar  system,  and  thence  away,  we 
know  not  whither. 

The  following  is  a  brief  abstract  of  the  291  calculated 
comets : — 

VOL.  IX. — NO.  I.  F 
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Known  to  revolve  in  elliptic  orbits  .  19 

Subsequent  returns . 54 

Elliptic  comets  not  yet  verified  .  37 

Parabolic  comets . 176 

Hyperbolic  comets . *  5 


291 

A  careful  analysis  of  tbe  motions  of  the  calculated  comets 
has  enabled  me  to  make  the  following  general  deduction  : — 
That  with  comets  revolving  in  elliptic  orbits,  there  is  a  strong 
and  decided  tendency  to  direct  motion,  that  is  to  say,  motion 
in  the  order  of  the  signs  of  the  zodiac.  The  same  obtains  with 
the  hyperbolic  comets.  With  the  parabolic  comets  there  is, 
however,  a  rather  large  preponderance  the  other  way ;  but 
taking  all  the  calculated  comets  together,  the  numbers  are  too 
nearly  equal  to  afford  an  indication  of  the  existence  of  any 
general  law  governing  the  direction  of  motion. 

Similarly  analysing  the  inclination  of  the  orbits,  I  have 
found  that  there  is  a  decided  tendency  in  periodic  comets  to 
revolve  in  orbits  but  little  inclined  to  the  elliptic,  and  that, 
therefore,  a  low  inclination  (especially  if  combined  with  direct 
motion)  is  an  eminently  favourable  indication  of  an  unrecog¬ 
nised  comet  being  a  periodic  one.  Uniting  all  the  cometary 
orbits,  I  find  that  there  is  a  tendency  to  congregate  in  and 
near  a  plane  inclined  50°  to  the  ecliptic. 

An  examination  of  the  positions  where  comets  approach 
nearest  the  sun  and  cross  the  ecliptic,  shows  that,  as  regards 
the  former,  there  is  an  evident  tendency  to  crowd  together  in 
two  opposite  regions  of  the  ecliptic,  between  60° — 120°,  and 
240° — 300°,  reckoned  from  the  first  point  of  Aries.  Then  as 
regards  the  ascending  nodes  (or  places  of  crossing  the  ecliptic) , 
there  is  a  tendency  in  these  also  to  congregate  in  two,  though 
not  exactly  opposite,  regions,  viz. :  30° — 90°,  and  180° — 240°. 

The  general  proposition  that  comets  vary  much  in  the 
nearness  of  their  approach  to  the  sun,  will  be  best  understood 
by  an  inspection  of  the  following  table  : — 


PERIHELION  DISTANCES. 

Comets. 

Within  a  radius  of  95,000,000  miles  from  the  sun  177 
Between  95,000,000  and  190,000,000  ....  55 

„  190,000,000  and  285,000,000  ....  4 

,,  285,000,000  and  380,000,000  ....  0 

„  380,000,000  and  475,000,000  ....  1 

Beyond  475,000,000  0 
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Finally,  as  regards  tlie  season  of  tlie  year  most  fruitful  in 
comets,  of  290  known  perihelion  passages  there  occurred 
in — - 


January  ..... 

.  24 

February  .... 

.  22 

March . 

.  23 

April  . 

.  25 

May  .*.... 

.  20 

June . 

.  24 

July  ....  .. 

.  19 

August . 

.  18 

September  .... 

.  32 

October  .  .  .  .  „ 

.  27 

November  .... 

.  31 

December  .... 

...  25 

290 

The  monthly  average  is,  therefore,  24*2.  April,  Septem¬ 
ber,  October,  November,  and  December  are  above  the  mean; 
the  other  months  are  below.  The  minimum  is  August,  which 
only  exhibits  15,  or  40  per  cent,  below  the  average;  a  circum¬ 
stance,  doubtless,  due  to  the  long  days  and  short  nights, 
which  more  or  less  prevail  during  the  summer  months.  The 
quick  rise  in  September,  when  the  maximum  is  reached,  is 
probably  due  less  to  the  lengthening  of  the  nights  (and  conse¬ 
quently  increased  opportunites  for  observation)  than  to  the 
excellence  of  that  month  for  astronomical  purposes.  The 
advantages  afforded  by  the  long  winter  nights  are  perceptible, 
though  often  partially  neutralized  by  the  frequent  inclement 
weather.  I  had  proposed  to  extend  this  analysis  to  the  uncal¬ 
culated  comets,  making  use  of  the  dates  of  discovery  as  the 
basis  upon  which  to  proceed ;  but  the  uncertainty  and  contra¬ 
diction  occurring  in  the  majority  of  the  accounts  has  hitherto 
deterred  me,  fearing  that  deductions  sufficiently  interesting  to 
repay  the  trouble  might  not  be  arrived  at. 
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PEOGEESS  OF  INVENTION. 

Petroleum. — Perhaps  nothing  more  wonderful  is  found  in  the 
history  of  commerce  than  the  vast  trade  in  petroleum,  which  has 
grown  up  so  suddenly.  The  use  of  this  valuable  substance,  espe¬ 
cially  for  domestic  purposes,  is  still  attended  with  very  serious 
inconveniences — the  danger  of  explosion,  and  the  more  or  less 
disagreeable  odour  which  is  evolved.  The  former  is  reduced  to  a 
minimum  by  care  in  the  preparation  of  the  commercial  pro¬ 
duct  ;  the  latter  has,  in  a  great  degree,  baffled  hitherto  all  the  efforts 
of  ingenuity  and  science.  But  even  this  objection  to  the  use  of 
petroleum  is  likely  now  to  be  obviated,  and  by  very  simple  means. 
The  disagreeable  odour  is  produced  by  a  highly  volatile  vapour. 
Ordinary  distillation  is  incapable  of  separating  it  effectually,  and 
chemical  reagents  produce  but  imperfect  effects  upon  it ;  but  the 
application  of  a  principle  which  has  been  found  so  valuable  and 
effective  in  many  other  branches  of  manufacture  has  been  sufficient 
to  remove  the  difficulty.  The  petroleum  is  merely  raised  to  the 
temperature  of  about  185°  Fahr.  ;  and  then,  the  pressure  of  the 
atmosphere  having  been  partially  removed  by  an  air-pump,  is  kept 
agitated  for  some  time,  after  which  it  is  washed  with  cold  water. 
The  slight  increase  of  temperature  and  the  partial  vacuum  cause 
the  compound  to  which  the  odour  is  due  to  pass  off  as  a  gas  ;  and 
the  result  is,  in  many  instances,  so  free  from  smell,  that  it  might  be 
mistaken  for  the  best  vegetable  oil.  The  removal  of  the  highly 
volatile  vapour  increases  the  density  of  the  product,  and  renders  its 
use  in  lamps  less  dangerous.  Naphtha — and  no  doubt  many  other 
fluids  which  emit  disagreeable  odours — may  be  purified  in  the  same 
way. 

Valuable  Applications  of  Magnesia. — The  researches  of  M. 
Sainte-Claire  Deville  regarding  the  hydrate  of  magnesia  have  led  to 
the  production  of  a  very  beautiful  and  useful  substance,  which  has 
all  the  good  qualities  of  marble,  and,  in  addition,  may  be  cast  in 
moulds  so  as  to  form  busts,  etc.,  like  ordinary  plaster.  The  hydrate 
is  obtained  by  calcining  the  chloride  or  nitrate  at  a  red  heat, 
and  sets  very  soon  on  the  addition  of  water  without  losing  its 
good  qualities.  It  may  be  mixed  with  pounded  marble,  for  the 
purpose  of  giving  it  a  peculiar  grain  and  colour.  Kept  for  some 
months  in  a  stream  of  water,  it  becomes  so  hard,  as  to  be  capable 
of  scratching  marble ;  it  assumes  the  crystalline  form,  and  a  thin 
plate  of  it  possesses  the  transparency  of  alabaster.  Dolomite,  and 
some  other  combinations  of  magnesia,  when  calcined  in  the  same 
way,  afford  an  excellent  cement,  which  sets  under  water,  and 
becomes  exceedingly  hard  and  tenacious.  The  temperature  during 
calcination  must  not,  however,  exceed  from  800°  to  400'  Cent., 
which  is  below  redness,  or  caustic  lime  will  be  set  free,  and  the 
product  will  be  of  little  or  no  value ;  if  it  has  been  raised  to  a 
white  heat,  it  will  not  set  at  all.  It  is  indispensable  to  the  goodness 
of  the  artificial  marble,  or  cement,  that  any  lime  associated  with  the 
hydrate  of  magnesia  should  be  in  the  form  of  carbonate.  The 
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value  of  any  magnesian  compound,  as  a  source  of  artificial  marble, 
or  hydraulic  cement,  depends  on  the  proportion  of  magnesia  con¬ 
tained  in  it.  Rocks  having  61  per  cent,  carbonate  of  magnesia 
answer  well  for  cement,  those  having  55  per  cent,  for  hydraulic 
lime,  while  those  having  16  per  cent,  will  still  be  suitable  for  stucco. 

Steam  without  a  Boiler. — The  great  inconvenience  and  loss  of 
heat  which  arises  from  the  necessity  of  keeping  at  a  high  tempera¬ 
ture  the  large  quantity  of  water  required  in  the  ordinary  steam 
boiler,  has  naturally  caused  at  all  times  a  great  desire  to  invent 
some  plan  by  means  of  which  this  serious  waste  of  fuel  might  be 
avoided  ;  but  hitherto  every  effort  in  this  direction  has  been  vain. 
The  boiler  must  contain  a  large  quantity  of  water,  or  too  violent  a 
change  of  temperature  would  be  produced  by  the  supply  of  feed- 
water,  not  to  mention  the  danger  of  explosion,  which  might  arise 
from  lessening  the  water  space.  An  ingenious,  though  not  alto¬ 
gether  novel,  contrivance  has  been  devised  to  economize  fuel, 
without  giving  rise  to  the  inconvenience  and  danger  which  must  be 
consequent  on  a  diminution  of  size  in  the  ordinary  boiler.  A  tube 
communicating  with  the  water  supply  passes  down  through  the  top 
and  nearly  to  the  bottom  of  a  very  strong  spherical  generator  made  of 
iron,  under  which  is  an  ordinary  furnace.  The  small  quantity  of 
water  first  injected  through  the  feed-pipe,  and  scattered  over  the 
interior  of  the  sphere  by  the  perforated  nozzle  at  its  extremity,  is  im¬ 
mediately  changed  into  steam  which  at  once  becomes  highly  super¬ 
heated.  The  quantities  subsequently  and  successively  thrown  in,  to 
meet  the  requirements  of  the  engine,  are  vaporized  by  the  super¬ 
heated  steam  before  ever  they  come  in  contact  with  the  interior 
walls  of  the  generator.  With  this  contrivance,  no  water  is  kept  in 
the  state  of  ebullition,  and  the  size  of  the  apparatus  is  regulated 
only  by  the  necessity  for  making  the  steam-space  large  enough  to 
prevent  undue  variations  of  pressure.  Nevertheless,  it  is  exposed 
to  certain  inconveniences,  the  chief  of  which  is,  however,  the 
danger  of  explosion  from  overheating,  or  from  a  badly-regulated 
supply  of  water ;  but  the  principle  appears  a  sound  one,  and  is  well 
worthy  of  a  careful  trial,  which  may  perhaps  suggest  improvements 
ealculated  to  remove  every  objection. 

New  Test  for  Cane  and  Grape  Sugar. — The  greater  value  of  cane, 
compared  with  that  of  grape  sugar,  has  always  caused  a  strong  temp¬ 
tation  to  adulterate  the  former  with  the  latter,  to  the  very  great 
inconvenience  and  loss  of  the  consumer,  who  is  thus  made  to  pay 
for  a  cheap  and  comparatively  worthless  article  the  price  of  a 
superior  one.  Hitherto  the  adulteration  could  not  be  easily 
•detected  by  ordinary  persons  ;  but  it  has  been  ascertained  that 
bichloride  of  carbon,  added  to  cane  sugar,  and  kept  for  some  time 
at  the  boiling  point  of  water,  gradually  produces  in  it  brown  spots, 
which,  by  enlarging,  ultimately  cause  the  sugar  to  be  of  a  more  or 
less  intense  black ;  while,  under  the  same  circumstances,  no  change 
is  produced  in  the  grape  sugar.  Chlorine  which  is  liberated  from 
the  bichloride,  forms  hydrochloric  acid  that  darkens  the  cane 
sugar,  but  has  no  effect  on  the  grape  sugar,  which  is  not  so  easily 
affected  by  acids.  It  must,  however,  be  borne  in  mind  that  what  is 
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said  is  true  only  of  hydrochloric  acid  in  the  gaseous  state,  since,  a  & 
a  concentrated  solution,  it  would  blacken  even  grape  sugar. 

Colours  produced  by  Photography. — Among  the  very  earliest 
efforts  of  the  photographer  was  the  reproduction  of  the  natural 
colours  of  objects  ;  but  although  these  were  obtained,  by  accident, 
with  more  or  less  of  truth,  their  certain,  or  even  frequent,  produc¬ 
tion  was  for  a  long  time  beyond  the  power  of  his  art.  So  long  ago 
as  1848  some  progress  was,  however,  made  towards  the  attainment 
of  this  so  much  desired  object,  and  a  mode  of  reproducing  colours 
on  silver  plates,  and  rendering  them  to  some  extent  permanent,  was 
invented ;  but  little  or  no  advance  has  taken  place  for  some  time 
past.  Very  recently  another  step  has  been  gained,  and  the  natural 
tints  may  now  be  obtained  on  paper,  though  not  as  yet  with  the 
permanency  that  is  to  be  desired.  The  colours  produced  on  the 
silver  plate  are  due  to  the  violet  subchloride  of  silver.  In  ordinary 
circumstances,  this  compound  is  very  ineffective  with  paper;  but 
it  has  been  found  by  M.  Poitevin  that  the  action  of  light  upon  it 
is  rendered  far  more  energetic  by  means  of  substances  such  as  the 
alkaline  bichromates,  chromic  acid,  and  nitrate  of  uranium,  which 
are  themselves  affected  by  light.  Those  bodies  which,  while 
they  afford  chlorine,  oxygen,  etc.,  do  not  combine  with  chlorine, 
answer  well  for  the  purpose.  The  process  used  with  the  paper  is  a 
very  simple  one ;  it  is  covered  with  the  subchloride  of  silver,  by 
allowing  light  to  act  on  the  white  chloride  in  presence  of  a  reducing 
salt,  is  then  washed  with  a  mixture  containing  one  volume  of  a 
saturated  solution  of  bichromate  of  potash,  one  volume  of  a 
saturated  solution  of  sulphate  of  copper,  and  one  volume  of  a 
solution  containing  five  per  cent,  chloride  of  potassium,  and  is  then 
allowed  to  dry.  Paper  so  prepared  will  remain  fit  for  use  for 
several  days,  but  must  of  course  be  preserved  from  all  access  of 
light.  It  may  be  employed  in  an  apparatus  for  enlarging  photo¬ 
graphs,  but  not  in  the  camera :  the  rays  of  light  being  transmitted 
through  a  transparent  coloured  design  for  from  five  to  ten  minutes. 
The  picture  is  fixed  by  washing  in  wrater  that  has  been  acidulated 
with  chromic  acid,  next  treating  with  water  containing  bichloride 
of  mercury,  and  afterwards  washing,  first  with  water  charged  with 
nitrate  of  lead,  and  then  with  distilled  water.  But  it  must  be  kept 
not  only  from  the  direct  rays  of  the  sun,  in  which  it  would  very 
soon  become  brown,  but  even  from  diffused  light,  by  which  also  it 
would  rapidly  be  destroyed.  It  must  be  admitted  that  the  colours 
as  yet  obtained  by  this  process  are  not  so  vivid,  nor  some  of  them 
so  decided,  as  with  the  silver  plate.  With  regard  to  the  fluid  with 
which  the  paper  coated  with  violet  subchloride  is  washed,  M. 
Poitevin  thinks  that  the  sulphate  of  copper  facilitates  the  reaction,, 
that  the  chloride  of  potassium  preserves  the  whites  which  are 
formed,  and  that  the  bichromate  acts  on  the  subchloride  of  silver. 
M.  Becquerel,  however,  believes  that  the  bichloride  acts,  noton  the 
insulated  subchloride,  but  on  the  sensitive  coating  of  the  paper. 

Induction  Electrical  Machine. — A  new,  ingenious,  and  highly 
effective  electrical  machine  has  been  constructed  on  the  principle  of 
the  electrophorus,  by  Mr.  Holtz,  of  Berlin.  It  consists  of  a  cir- 
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cular  plate  of  glass,  40  centimetres  in  diameter,  capable  of  revolving, 
by  means  of  a  handle,  on  a  horizontal  axis.  Parallel  to  this 
disc,  and  at  the  distance  of  3  or  4  millimetres  from  it,  is  fixed 
another  disc  45  centimetres  in  diameter,  and  having  two  deep 
grooves  11  centimetres  wide.  Beside  each  groove,  at  both  sides  of 
the  disc,  is  a  paper  armature,  which  does  not  reach  so  near  the  cir¬ 
cumference  of  the  fixed  disc  as  to  extend  beyond  that  of  the  moveable. 
The  interior  armatures  are  25  millimetres  wide,  and  the  exterior  54. 
Each  of  the  interior  has  two  teeth  which  project  into  the  adjacent 
groove.  In  front  of  the  moveable  disc  are  rods  having  at  the  end 
next  the  disc  metallic  combs,  the  teeth  of  which  are  13  millimetres 
long,  and  at  the  other  end  wires  connecting  them  with  a  conductor. 
When  the  apparatus  is  to  be  used,  one  of  the  armatures  is  touched 
with  a  plate  of  hardened  caoutchouc,  which  has  been  electrified  by 
rubbing  with  a  catskin,  or  bringing  it  in  contact  with  some  other 
electrified  body — the  moveable  disc  being  at  the  same  time  kept 
revolving.  As  the  different  portions  of  the  revolving  disc  pass  in 
front  of  the  electrified  armature,  they  become  oppositely  electrified, 
giving  electricity  to  the  points  of  the  comb,  and  then  when  released 
from  the  inductive  action  of  the  first  armature  to  the  teeth  of  the 
next  armature.  The  armatures  are  thus  kept  constantly  excited, 
and  the  opposite  electricities  produced  successively  on  succeeding 
portions  of  the  revolving  plate,  are  carried  to  where  they  are  to  be 
applied  by  appropriate  conductors.  The  sparks  afforded  by  this 
machine  are  from  three  to  ten  centimetres  in  length  :  and  the  current 
is  capable  of  producing  stratified  light  with  Geissler  tubes,  deflecting 
the  needle  of  the  galvanometer,  and  even  without  a  Leyden  jar, 
giving  a  continuous  and  very  perceptible  shock.  Hitherto  the  prin¬ 
ciple  of  the  electrophorus  has  not  been  utilized  further  than  for  the 
production  of  an  electric  spark,  to  be  employed  in  the  explosion  of 
mixed  gases  during  laboratory  experiments.  It  has  been  observed 
with  this  apparatus  that  the  change  of  motion  into  electricity  gives 
rise  to  a  sensible  retardation,  similar  to  that  produced  by  friction 
with  the  ordinary  machine. 

Desulphuration  op  Coal  Gas. — A  further  and  most  important 
utilization  of  the  ammoniacal  liquor  of  gas  works  is  likely  to  lead 
to  very  important  results — the  complete  purification  of  illuminating 
gas  from  the  sulphur,  which  is  ordinarily  so  disagreeable  and  mis¬ 
chievous  a  constituent  of  it.  Ho  complicate  machinery  nor  trou¬ 
blesome  process  is  required  for  the  attainment  of  this  very  desirable 
object.  The  gas  is  merely  brought  thoroughly  in  contact  with  some 
of  the  ammoniacal  liquor,  which  is  an  almost  valueless  product  of 
the  gas-works  itself ;  and,  when  proper  care  has  been  taken,  the 
whole  of  the  sulphur  is  removed,  not  only  without  injury  to  the 
gas,  but  with  a  considerable  augmentation  of  its  illuminating 
power. 

Hew  Principle  of  Ventilation. — An  experiment  recently  made 
by  M.  Galibert  illustrates  a  principle  which  there  is  reason  to  believe 
may  be  effectively  applied  to  the  purposes  of  ventilation  ;  namely,  the 
power  possessed  by  compressed  air  of  determining  the  entrance  into 
an  inclosed  space  of  a  very  large  quantity  of  air  from  without.  He 
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used,  for  illustration,  one  of  the  bags  employed  with  his  respiratory 
apparatus,  holding  about  120  litres,  and  having  an  aperture  in  its 
upper  part  10  centimetres  wide.  Keeping  the  aperture  open,  he  con¬ 
tinued  for  four  or  five  seconds  to  project  into  it  air  compressed  by 
the  mouth  and  lips ;  after  which,  on  closing  the  aperture,  the  bag, 
though  perfectly  empty  previously,  was  found  to  be  one-third  full  of 
air ;  and  it  was  completely  filled  by  repeating  the  operation  twice  , 
though  all  the  air  introduced  from  the  mouth  did  not  exceed  three- 
fourths  of  a  litre,  that  is,  the  one  hundred  and  sixtieth  of  what  had 
entered. 

Unalterable  Photographs. — The  only  mode  hitherto  known  of 
producing  unalterable  photographs  has  been  by  vitrification.  M. 
Penabert,  however,  recently  exhibited  to  the  Academy  of  Sciences 
some  which,  though  not  vitrified,  are  so  indestructible  that  it  is 
impossible  to  remove  them  from  the  glass,  so  as  to  render  it  capable 
of  being  used  a  second  time.  The  opaline  glass  employed  in  the 
process  having  been  well  cleaned,  is  to  be  coated  with  ordinary  col¬ 
lodion  that  is  at  least  a  year  old  ;  it  is  then  to  be  plunged  for  a  few 
minutes  in  a  sensitizing  bath,  which  contains  7  grammes  nitrate  of 
silver  to  100  grammes  distilled  water,  and  16  grammes  pure  nitric 
acid  to  1000  grammes  of  the  silver  solution,  and  afterwards  to  be 
exposed  for  about  fifty  seconds  in  the  camera.  The  developing 
fluid  consists  of  a  solution  of  photosulphate  of  iron,  containing  two- 
thirds  more  water  than  that  ordinarily  used,  and  one-fifth  pyro¬ 
ligneous  acid.  The  picture  thus  obtained,  which  is  a  positive,  is 
fixed  by  a  weak  solution  of  hyposulphate  of  soda,  and  is  intensified 
by  a  very  weak  bath  of  sulphuret  of  ammonium. 

Miscellaneous. — —Test  for  Gum  Arabic  and  Dextrine. — If  white 
of  egg  is  decomposed  with  a  small  quantity  of  sulphuric  acid, 
dilute  hydrocyanic  acid,  or  an  organic  acid,  and  a  liquid  containing 
dextrine  is  poured  into  the  turbid  fluid  thus  produced,  a  precipitate 
will  continue  to  be  formed,  even  after  enough  dextrine  solution  to 
throw  down  all  the  albumen  has  been  added.  If  a  solution  of  gum 
arabic  is  used  instead  of  dextrine,  not  only  will  no  precipitate  be 
formed  after  the  albumen  has  been  thrown  down,  but  the  precipitated 
albumen  will  be  redissolved.  When  the  solution  which  has  thus 

become  clear  is  heated,  it  is  rendered  turbid. - New  Saw  for 

Stone. — Stone  is  now  sawn  in  France  with  great  rapidity  and 
economy,  by  means  of  a  perforated  disc  of  iron  on  which  a  coating 
of  lead  has  been  cast,  the  perforations  serving  to  connect  and  bind 
the  plates  of  lead  thus  formed  at  the  two  sides  of  the  disc.  The 
lead  is  kept  well  covered  with  emery,  which  falls  on  it  from  a  re¬ 
servoir  above,  the  excess  being  received  in  a  vessel  below.  A  saw 
of  this  kind,  1T0  metres  in  diameter,  driven  by  a  four-horse 
engine,  was  found  to  move  through  marble  at  the  rate  of  8  cen¬ 
timetres  per  minute,  and  through  granite  at  the  rate  of  25  mil¬ 
limetres  in  the  same  time. - New  Cement. — A  cement,  capable  of 

uniting  into  a  solid  mass  stones,  pebbles,  etc.,  so  as  to  form  arti¬ 
ficial  pudding-stone,  conglomerates,  etc.,  of  extraordinary  strength 
and  tenacity,  impervious  to  moisture,  and  capable  of  being 
moulded  into  statues,  bas  reliefs,  etc.,  may  be  made  by  finely 
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triturating  iron  sponge,  and  mixing  it  with,  sand,  which  has  been 
moistened  with  slightly  acidulated  water.  The  iron  is  oxi¬ 
dised  at  the  expense  of  the  water  :  and  the  silex  forms  with  the 
oxide,  silicate  of  iron,  which  possesses  a  very  great  tenacity,  and 
is  not  affected  by  atmospheric  changes,  nor  even  by  acid  or 

alkaline  liquids  at  a  boiling  temperature. - Consumption  of  Smoke. 

• — The  French  Government  some  time  since  issued  a  very  stringent 
ordinance  regarding  the  consumption  of  smoke  in  factories,  which 
would  very  shortly  come  into  effect.  A  number  of  manufacturers 
of  Lille  asked  that  its  becoming  law  should  be  put  off  for  some 
time,  in  consequence,  as  they  said,  of  no  means  being  yet  known 
for  consuming  the  smoke,  to  the  extent  required.  The  Minister  of 
Agriculture,  Commerce,  and  Public  Works  granted  their  request, 
and  stated,  at  the  same  time,  that  the  object  of  the  ordinance  was 
already  sufficiently  attained,  on  account  of  the  precautions  which 
had  been  adopted ;  and  that  it  was  enough,  without  employing  a 
special  apparatus,  if  the  fuel  were  merely  introduced  by  moderate 
portions  at  a  time  into  the  anterior  portion  of  the  furnace,  so  that 
the  gases  evolved  by  the  heat  may  pass  over  the  fuel  already  in  a 
state  of  intense  ignition,  and  thus  be  consumed. - Effect  of  Tem¬ 

perature  on  Electro-motive  Force. — It  was  found  by  Becquerel  that  the 
electro-motive  energy  of  a  galvanic  couple  with  two  liquids  is 
increased  by  elevation  of  temperature.  A  change  from  0°  to  100° 
C.  caused  the  effect  to  be  augmented  to  the  extent  of  0'04  of  its 
value.  This  is  not  due  to  the  decrease  of  the  resistance,  which 
is  rendered  three  times  less  than  before,  but  to  increase  of 
intensity  in  the  chemical  action.  M.  Lindig,  in  pursuing  the  same 
investigation,  has  ascertained  that  the  effect  of  heat  is  not  always  the 
same.  Thus,  for  example,  it  increases  the  electro-motive  energy 
with  non-amalgamated  zinc  and  sulphate,  or  chloride,  of  zinc ;  but 
diminishes  it  with  amalgamated  zinc  and  the  same  fluids.  In  point 
of  fact,  the  electro-motive  energy  will  be  increased  only  when  the 
action  of  the  dissolving  fluid  on  the  metal,  and  the  action  of  the 
two  fluids  on  each  other  are  augmented. 


ABCHFEOLOGIA. 

The  remarks  we  made  on  the  early  tumuli  opened  near  Malton 
in  Yorkshire,  in  the  Intellectual  Observer  for  the  month  of 
November,  have  provoked  a  very  unnecessarily  angry  paragraph 
in  the  Malton  Messenger.  It  is  rather  to  be  regretted  that  writers 
in  country  papers,  on  anything  like  literature  or  science,  seem 
to  think  it  necessary  to  spice  their  articles  with  something  in 
the  shape  of  abusiveness,  and  they  are  apt,  under  this  feeling, 
to  conjure  up  supposed  authors  of  articles  in  reviews,  in  order 
to  have  a  person  to  attack  rather  than  an  argument.  We  suppose 
the  mere  object  of  this  is  to  make  the  circle  of  readers  thus 
addressed  believe  that  the  writer,  who  is  unknown,  is  a  wiser  man 
than  some  other  individual  he  chooses  to  name,  who  happens  to 
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be  better  known,  and  therefore  we  will  take  no  further  notice  of 
the  particular  tone  of  the  paragraph  to  which  we  allude  ;  but  perhaps 
it  may  not  be  unacceptable  to  our  readers  if  we  give  a  little  further 
explanation  of  the  subject  in  question,  and  we  regret  that  we  are 
obliged  to  do  it  very  briefly.  We  will  only  observe,  with  regard 
to  the  paragraph  itself,  that  its  author  has  not,  as  he  seems  to  sup¬ 
pose,  corrected  us,  but  has  only  given  us  mere  distinct  information 
on  one  point — the  cowrie  shells  found  in  the  tumulus  near  Malton  are 
not  Oriental,  but  are  such  as  are  to  be  met  with  on  the  coast  ot 
Yorkshire.  This  does  not  materially  affect  the  question.  We  have 
stated  that  Oriental  cowries  are  found  in  the  Anglo-Saxon  graves  in 
the  south,  but  these  shells  must  have  been  extremely  rare  ;  and  the 
sentiments  which  caused  them  to  be  buried  with  the  dead  very 
probably  extended  to  any  other  cowrie  shells  within  reach  of  the 
Teutonic  population  of  the  north. 

With  regard,  however,  to  what  our  irate  friend  calls  “  an  Anglian 
period  ” — we  do  not  recollect  having  seen  the  term  before — we  have 
only  to  remark  that  he,  in  common  with  many  others,  seems  to  have 
a  very  misty  notion  of  the  state  of  Britain  under  the  Romans. 
Eoman  civilization  extended  to  a  certain  distance  round  the 
Homan  towns,  and  to  a  smaller  distance,  perhaps  to  a  very  small 
distance  indeed,  round  stations  on  the  roads  and  villas.  There 
was  a  population,  no  doubt,  which  was  not  absolutely  broken 
into  Roman  manners  and  feelings,  simply  because  the  Romans  did 
not  think  it  worth  while  to  break  them.  These,  probably,  inhabited 
those  numerous  and  curious  sites,  spread  over  our  island,  which  are 
commonly  known  as  British  villages,  in  which  have  been  found 
not  only  Roman  coins  dating  from  the  latest  period  of  the  imperial 
rule  in  Britain,  but  even  the  rude  coins  of  the  period  which  imme¬ 
diately  followed.  Row,  during  this  rather  long  period,  this  popu¬ 
lation  did  no  doubt  bury  its  dead,  and  some  among  them,  their 
people  of  higher  consideration,  must  have  been  buried  in  such  a 
manner  that  we  may  expect  to  find  traces  of  their  interments. 
Again,  there  can  be  no  doubt,  from  historic  evidence,  that  the  . 
Roman  population  of  Britain  began  comparatively  early  in  the 
Roman  period  to  be  recruited  chiefly  from  the  Teutonic  race,  and, 
in  some  degree,  from  Gaul.  Row  the  Teutonic  race,  even  after 
they  had  accepted  the  forms  of  religious  belief  and  worship  of 
another  race,  were  exceedingly  tenacious  of  their  old  forms  of 
burial,  which  is  proved  by  the  circumstance  that,  during  at  least 
two  or  three  centuries  after  their  conversion  to  Christianity,  it  was 
almost  impossible  to  restrain  them  from  burying  their  dead  in  the  old 
cemeteries  of  their  Pagan  forefathers,  with  the  old  Pagan  ceremonies. 
It  was  in  the  struggle  to  prevent  these  practices  that  our  church¬ 
yards  originated.  The  clergy  laboured  to  make  people  believe  that 
there  was  no  chance  of  salvation  unless  they  were  buried  within  reach 
of  the  immediate  protection  of  the  walls  of  the  church.  We  have, 
therefore,  every  reason  for  believing  that  the  Teutonic  element  in 
the  population  of  Britain  buried  their  dead  in  their  own  national 
forms  during  the  later  part  of  the  Roman  period,  and  a  long  period 
which  followed  it;  and  these  interments  were  no  doubt  then  of  a 
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much  ruder  form  than  when  we  find  them  more  distinctly  charac¬ 
terized,  at  a  time  when  the  Angles  and  Saxons  had  gone  through  a 
great  movement  of  social  progress.  The  Anglo-Saxon  cemeteries, 
which  are  undoubtedly  Anglo-Saxon  (there  are  distinctly  Anglo-Saxon 
interments  in  tumuli,  which  are  probably  older),  appear  to  date  not 
farther  back  than  the  sixth  century,  leaving  thus  the  whole  Roman 
period,  and  a  full  century  afterwards,  unaccounted  for  for  tumuli 
which  were  not  Roman.  Does  our  learned  friend  of  the  Durham 
press  suppose,  that,  during  the  long  period  of  Roman  rule,  and 
subsequent  rule  or  no  rule,  nobody  but  Romans  buried  their  dead, 
and,  it'  this  be  not  his  opinion,  can  he  tell  us  what  has  become  of 
all  their  burial  places  P  Prom  the  manner  in  which  he  looks  upon 
the  subject,  we  may  suppose  he  imagines  that  the  moment  the 
Romans  came  here  they  stopped  everybody  but  themselves  from 
burying  their  dead,  and  that  none  but  Romans  were  buried  during 
the  next  five  centuries,  until  the  Saxons  established  their  cemeteries 
here  !  It  is  not  more  than  thirty  years  ago  that  antiquaries  of 
the  class  of  those  to  whom  we  are  now  more  especially  addressing 
ourselves,  insisted  that  all  those  cemeteries  which  nobody  now 
doubts  to  be  Saxon,  were  “  ancient  British.”  Why  should  not 
some  other  antiquaries  of  the  present  day  be  labouring  under  the 
same  delusion  with  regard  to  another  less  definite  class  of  inter¬ 
ments,  about  which,  according  to  their  own  account,  they  seem 
to  know  nothing  ? 

There  is  only  one  other  point  of  which  we  will  take  any  notice — 
the  notion  that  an  Anglo-Saxon  lord  or  lady  would  be  buried  in  the 
tumulus  of  an  ancient  Briton,  buried  2000  years  (this  number  of 
course  exists  in  the  imagination  of  the  newspaper  writer)  before  the 
Anglo-Saxon  period.  It  is  a  notion  which  only  shows,  on  the  part  of 
our  friend  and  critic,  a  want  of  knowledge  which  we  will  try  to  supply. 
The  Teutonic  peoples,  and  probably  the  other  barbaric  peoples  of 
the  west,  believed  that  the  graves  of  the  dead  were  a  sort  of  earthly 
habitation  of  their  spirits,  which  haunted  them  at  will,  and,  when 
.  absent,  left  very  dangerous  guardians,  dragons  which  vomited  fire,  and 
even  worse  monsters  than  those  in  charge.  It  was  in  this  feeling  that 
the  circles  of  stones  or  the  ditches  were  made  round  the  tumuli,  in 
order  to  mark  very  distinctly  the  limits  of  the  sanctity  of  the  tomb, 
which  it  was  dangerous  to  transgress.  An  Anglo-Saxon  would 
never  be  buried  within  the  sacred  precinct  of  the  grave  of  a  people 
whom  he  did  not  know,  and  who  might  be  hostile  to  his  race,  and 
especially  if  they  had  lived  2000  years  before  his  time.  It  would 
be  putting  his  spirit  under  a  state  of  everlasting  hostility  and 
persecution  from  an  unknown  spirit  which  previously  occupied 
the  place  ;  a  spirit  which,  in  Anglo-Saxon  notions,  would  be  con¬ 
sidered  as  an  evil  spirit.  It  would  be  about  the  same  thing  as  if,  in 
the  mediteval  “  ages  of. faith,”  a  member  of  a  very  pious  family,  on 
the  death  of  his  kinsman,  went  to  the  priest  and  asked  him  to 
intercede  with  St.  Peter  to  send  his  beloved  relative  to  the  devih 
There  are  known  two  or  three  exceptional  cases — of  great  rarity — - 
where  an  Anglo-Saxon  interment  was.  made  in  an  older  barrow., 
which  people  hastily  called  British.  They  have  only  been  called 
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British  by  the  sort  of  negative  evidence  that  nothing  was  fonnd 
in  them  which  was  either  British  or  not  British.  But  what  we 
have  just  stated  will  furnish  a  good  reason  for  believing  that 
the  Anglo-Saxon  interment  itself  was  a  proof  that  the  earlier 
interment  was  not  one  of  2000  years  before.  The  interming¬ 
ling  of  the  Anglo-Saxons  with  the  older  population  is  explained  with¬ 
out  difficulty.  Laying  aside  the  much  earlier  Teutonic  colonies  on 
the  eastern,  and  probably  even  the  southern  coast,  the  Belgic,  the 
earlier  absolutely  known  colonist  element  of  the  population  of 
this  island  came  in  with  the  Roman  military  recruitments,  and  were 
amalgamated  with  the  population  of  the  Roman  towns,  which 
no  doubt  became  more  and  more  Teutonic  towards  the  fall  of 
the  Western  Empire.  This  mixed  population  existed  long  after 
the  fall  of  the  Roman  power,  and,  in  the  early  Anglo-Saxon 
cemeteries  in  the  neighbourhood  of  the  old  Roman  towns,  we  find 
graves  in  which  an  individual  has  been  buried  in  all  the  religious 
forms  and  with  all  the  accessories  of  a  Roman  burial.  This 
leads  to  a  question  which  would  require  more  space  than  we 
can  now  give  to  discuss.  The  races  were,  in  the  towns,  so 
entirely  amalgamated,  that  there  was  no  personal  enmity  in  this 
world,  and  none  was  suspected  in  the  next.  Nevertheless  there 
is  no  instance  of  a  Roman  interment  in  an  Anglo-Saxon  grave 
or  of  the  reverse.  At  a  distance  from  the  towns  the  case  was 
somewhat  different ;  the  amalgamation  of  races  was  less.  There 
can  be  no  doubt  that  towards  the  end  of  the  Roman  period  there 
was  a  continually  increasing  influx  of  a  Teutonic  population,  who 
came  in  for  other  than  military  purposes,  and  who  no  doubt  lived 
here  as  a  Teutonic  people.  This  was  especially  the  case  in  the 
north,  where  there  is  reason  for  believing  that  the  Angles  had 
settled  long  before  the  establishment  of  the  Saxons  in  the  south. 
We  have  reason,  therefore,  to  suppose  that  very  early  barrows,  in 
which  the  objects  found  point  to  no  very  certain  period,  may  have 
belonged  to  a  Teutonic  population  in  a  rude  state  of  society,  which 
existed  there  during  certainly  two  centuries,  if  not  a  longer  period. 
The  objection  of  our  friend  of  the  local  press  to  our  statement  as  to 
the  burial  of  Anglo-Saxons  lying  on  the  side  with  the  knees  bent 
up,  is  simply  absurd.  He  seems  to  think  that,  in  such  a  case,  the 
Anglo-Saxon  may  have  been  “  a  person  of  British  descent,”  a 
pedigree  to  which  we  beg  civilly  to  demur;  and  we  should  be 
inclined  to  ask  this  rather  presumptuous  writer  on  what  direct 
evidence  he  ventures  to  assert  that  this  was  the  peculiar  charac¬ 
teristic  of  “  ancient  British”  interments  and  of  no  others.  We  assert, 
without  hesitation,  that  the  Anglo-Saxon  interments  at  Seamer  was 
made  in  this  manner,  and  that  there  was  nothing  of  “  ancient 
British  about  it.  Under  our  own  eyes,  one  or  two  interments 
in  the  same  form  were  found  in  the  Anglo-Saxon  cemetery  at  Osen- 
gall,  in  the  Isle  of  Thanet  (only  one  grave,  we  find  on  reference  to 
our  notes,  was  opened),  which  represented  the  Anglo-Saxons  in 
the  highest  degree  of  their  social  development  before  their  conver¬ 
sion  to  Christianity.  And  similar  forms  of  laying  out  the  body  for 
the  grave  have  been  found  in  other  Anglo-Saxon  interments. 
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In  fact,  it  was  a  very  common  form  of  interment  among  the  peo¬ 
ples  of  the  Teutonic  race,  and  as  he  appears  to  be  much  in  want  of 
sound  information,  we  will  only  ask  this  newspaper  writer  to  take 
the  trouble  to  consult  the  little  book  of  the  brothers  Lindenschmidt, 
Das  Germanische  Todtenlager  bei  Selzen  in  der  Provinz  Pheinhessen , 
and  other  German  works  on  the  pagan  Germanic  period,  and  the 
works  of  the  Abbe  Cochet  and  others  on  the  Frankish  graves,  where 
he  will  see  that  the  practice  of  laying  the  dead  in  the  grave 
with  the  knees  doubled  up,  was  characteristic  of  the  Germanic 
tribes  before  any  of  them  came  into  this  island,  and  among  those 
who  did  not  come.  Possibly  with  a  little  study  our  friend  may  find 
that  his  doubled-up  “  ancient  Britons  ”  derived  their  peculiar  form 
of  interment  from  their  Teutonic  forefathers  of  the  fourth  and  fifth 
centuries  !  It  has  been  suggested  that  the  cause  of  this  form  of 
interment  was  merely  that  they  put  the  body  in  a  chest  or  coffin 
which  was  too  short  to  allow  it  to  be  stretched  out  at  length. 
Traces  of  the  decayed  wood  of  such  chests  have  been  met  with. 
Excavations  made  in  the  Kibkhead  Bone-cave,  near  Ulverstone 
in  Lancashire,  have  brought  to  light  a  quantity  of  animal  bones, 
mostly  of  common  and  recent  animals,  a  few  human  bones,  or  rather 
fragments  of  human  bones,  and  some  manufactured  objects.  Among 
the  latter  are  several  small  objects  in  bronze,  two  beads  (one  of 
earthenware,  the  other  of  amber),  and  a  piece  of  pottery,  all  cer¬ 
tainly  Roman ;  an  iron  knife-blade,  either  Homan  or  later,  a  good 
example  of  the  bronze  implement  popularly  called  a  “celt;”  and  a 
fragment  of  one  of  those  rudely-made  burial  urns  which  are  usually 
called  British.  We  should  judge  that  the  greater  portion  of  these 
objects  were  deposited  here  rather  late  in  the  Roman  period.  They 
are  at  present  deposited  for  exhibition  at  the  rooms  of  the  Anthro¬ 
pological  Society.  A  subscription  has  been  commenced  for  the 
purpose  of  carrying  on  further  excavations  in  this  cave,  and,  from 
the  amount  of  suscriptions  already  received,  we  may  hope  soon 
to  see  this  interesting  cave  thoroughly  explored.  T.  W. 


SCIENTIFIC  SOCIETIES. 

BY  W.  B.  TEGETMEIER. 

The  meetings  of  the  learned  and  scientific  societies,  during  the 
past  month,  have  not  been  characterized  by  the  announcement  of 
any  very  remarkable  discoveries,  but,  nevertheless,  some  subjects, 
of  great  interest  have  been  discussed.  At  the  Zoological  Society, 
Professor  Owen  read  a  paper  on  the  Osteology  of  the  Dodo — the 
Didus  ineptus  of  Linnseus.  The  materials  on  which  this  paper  was 
founded  consisted  of  a  large  number  of  bones,  recently  discovered 
in  an  alluvial  deposit  at  Mahebourg,  Mauritius.  The  communication 
was  of  a  very  elaborate  character ;  the  measurements,  to  fractions 
of  an  inch  of  each  bone,  being  stated.  Although  these  technical 
details  and  measurements  are  most  valuable  for  reference,  the  object 
of  reading  them  to  a  meeting  is  not  evident,  as  no  one  can  possibly 
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carry  away  such  a  mass  of  minute  details.  The  description  of  the 
general  character  of  the  skeleton,  and  of  its  relation  to  the  well-known 
drawings  of  the  animal,  was  most  interesting.  Professor  Owen, 
like  most  other  comparative  anatomists,  now  regards  the  dodo  as  a 
bird  of  the  Columbine  group,  closely  related  to  the  Didunculus,  or 
little  dodo,  described  in  a  former  volume  of  the  Intellectual  Obser¬ 
ver.  It  was,  in  fact,  a  gigantic  ground  pigeon,  destitute  of  the  power 
of  flight.  Perhaps  the  only  one  of  Professor  Owen’s  inferences 
which  will  not  be  generally  acquiesced  in  by  naturalists,  is  his  con¬ 
clusion  that  the  animal  might  have  been  a  partial  flesh-feeder.  It 
is  difficult  to  account  for  this  suggestion,  unless  it  be  the  remainder 
of  an  opinion  formerly  stoutly  maintained  by  Professor  Owen,  viz., 
that  the  dodo  belonged  to  the  Vulturine  group. 

At  the  Royal  Geographical  Society,  Mr.  Du  Chaillu  read  an 
account  of  his  unsuccessful  attempt  to  penetrate  into  the  interior 
of  Equatorial  Africa.  The  paper  described  a  journey  nearly  due 
east  from  the  coast  line,  in  1°  south  latitude,  to  about  800  miles  in 
the  interior,  across  numerous  parallel  ranges  of  mountains.  The 
author  described  his  progress  as  being  impeded  by  the  occurrence 
of  small-pox  amongst  the  native  tribes,  and  stated  that  he  encoun¬ 
tered  a  race  of  pigmies,  four  feet  four  inches  to  four  feet  five  inches 
in  height,  and  that  they  were  of  a  particularly  hairy  appearance. 
His  further  advance  was  checked,  according  to  his  own  account,  by 
the  accidental  discharge  of  a  gun  by  one  of  his  party.  This  caused 
the  death  of  two  persons,  when  his  followers  were  seized  with  a 
panic,  threAv  down  their  arms,  and  fled.  They  subsequently,  how¬ 
ever,  maintained  a  fight  from  nine  a.m.  till  five  P.M.,  but  with  what 
arms  did  not  appear — and  eventually  regained  the  coast.  After 
the  conclusion  of  the  paper,  a  discussion  followed,  in  which  Mr. 
Crawford  stated  that  he  did  not  believe  in  the  existence  of  an 
unknown  race  of  pigmies  near  the  coast.  Mr.  Du  Chaillu  made  a 
short  reply,  and  ten  days  subsequently  wrote  a  letter  to  the  Times , 
stating  that  the  men  did  exist,  and  were  characterized  by  remarkably 
short  hair.  The  statements  of  the  writer  do  not  seem  likely  to 
attract  much  attention  amongst  the  scientific  public  beyond  the 
limits  of  the  Royal  Geographical  Society. 

The  Friday  evening  meetings  of  the  Royal  Institution  com¬ 
menced  on  the  19th,  when  Professor  Tyndall  gave  a  lecture  on  the 
Radiation  and  Absorption  of  Heat,  with  reference  to  the  Colour  of 
Rodies.  The  lecture  was  well  illustrated  by  experiments,  but  no 
new  discoveries  of  any  importance  were  announced  on  the  sub¬ 
sequent  Friday.  Professor  Tyndall  was  followed  by  Mr.  Baker,  on 
the  Sources  of  the  Rile ;  and  the  lectures  for  the  ensuing  month 
will  be  :  Earl  Stanhope,  on  Arabic  Philosophy ;  A.  Smith,  Esq., 
on  the  Deviation  of  the  Compass  in  Iron  Ships ;  Col.  James,  on 
Jerusalem;  and  W.  Pengelly,  Esq.,  on  Kents  Cavern,  Torquay. 

The  most  attractive  meeting  of  the  month  was  the  reception  of 
the  President  of  the  Astronomical  Society,  Warren  De  La  Rue, 
Esq.,  at  Willis’s  Rooms.  The  company  comprised  the  most  eminent 
savans  now  in  town,  and  a  large  number  of  the  more  illustrious 
patrons  of  science,  and  for  the  first  time  ladies  were  present  by 
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special  invitation.  The  rooms  were  filled  witli  objects  of  interest 
and  of  the  highest  scientific  value.  Amongst  them  was  a  silvered 
glass  mirror  reflecting  telescope,  made  by  Mr.  Browning  for  Mr. 
Slack.  The  mirror  is  by  Mr.  With,  of  Hereford.  It  is  six  and  a-half 
inches  in  diameter,  and  has  been  found,  on  trial,  to  be  of  rare  excel¬ 
lence.  The  equatorial  stand  devised  by  Mr.  Browning,  with  the  advice 
of  Mr.  Slack,  is  remarkable  for  the  judicious  disposition  of  the  weight 
of  the  several  parts,  and  for  uniting  great  solidity  with  elegance  of 
proportion.  The  circles  are  twelve  inches  in  diameter,  read  by  a 
vernier  in  the  same  plane  with  the  graduations,  and  the  move¬ 
ments  are  remarkably  smooth.  The  mirror  is  mounted  in  a  new  form 
of  cell,  contrived  by  Mr.  Browning ;  and  instead  of  a  small  reflector 
there  is  a  beautifully-worked  prism,  supported,  on  Mr.  Browning’s 
plan,  by  three  strips  of  chronometer  spring — an  arrangement  that 
gets  rid  of  some  disagreeable  effects  which  the  ordinary  single  arm 
of  considerable  thickness  produces,  when  large  stars  are  in  view. 
The  eye-piece  and  prism  revolve,  so  as  to  accommodate  the  eye  in 
any  position  in  which  the  telescope  can  be  placed. 

Messrs.  Powell  and  Lealand  exhibited  their  new  illuminators  for 
opaque  objects  under  high  powers.  Messrs.  Smith  and  Beck  showed 
theirs,  and  also  a  very  fine  eighth,  with  a  prism  brought  near  the 
objective,  so  as  to  give  a  beautiful  effect  with  a  binocular  micro¬ 
scope.  Messrs.  Home  and  Thornthwaite  showed  one  of  the  new  and 
clever  miniature  set  of  vacuum  tubes,  with  electric  discharges  from 
a  very  small  but  powerful  coil-machine.  The  effects,  though  on  a 
small  scale,  were  as  brilliant  as  when  a  large  and  costly  apparatus 
is  employed.  Mr.  Boss  had  a  handsome  display  of  microscopes. 
Messrs.  Cooke  exhibited  a  magnificent-looking  achromatic  object- 
glass,  twenty-five  inches  in  diameter,  and  nearly  finished.  If,  as  it 
is  to  be  hoped,  this  objective  is  finished  with  the  customary  per¬ 
fection  of  Messrs.  Cooke’s  work,  it  will  be  the  finest  thing  of  its 
kind  yet  done.  Up  to  the  present  no  defect  appears  in  the  glass ; 
and  Messrs.  Cooke’s  method  of  grinding  and  polishing  is  admitted 
on  all  hands  to  be  admirably  devised  for  the  purposes  of  accuracy 
and  high  finish. 


NOTES  AND  MEMOBANDA. 

The  Pever  Plant. — In  Dr.  Livingstone’s  Narrative  of  an  Expedition  to  the 
Zambesi ,  he  speaks  of  a  caution  given  by  the  natives  against  a  plant  which  excites 
fever,  and  he  adds,  “  Dr.  Xirk  discovered  it  to  he  the  Padevia  foetida,  which, 
when  smelt,  actually  does  give  headache  and  fever.  It  has  a  nasty  fetor,  as  its 
name  indicates.”  The  quantity  of  matter  thus  producing  disease  must  be  won¬ 
derfully  small. 

Spectra  op  Comet  1,  1866. — The  comet  so  named  was  discovered  by  Tempel, 
at  Marseilles,  on  the  19th  December,  at  8  p.m.,  near  )8  Ursa  minor.  He  described 
it  in  Astronomische  Nachrichten  as  a  round  nebulous  object,  somewhat  thickened 
in  the  middle  with  a  breadth  of  12'.  At  times  it  seemed  as  if  it  “pulsated” 
forth  a  tail  about  If  in  length.  He  could  not  detect  a  decided  nucleus.  It  moved 
so  rapidly  that  by  1  o’clock  it  was  under  f  Ursa  Minor.  On  23rd  December, 
Professor  Bruhns,  of  Leipzig,  found  it  in  Cepheus,  and  he  pronounced  it  to  be 
a  faint  nebulous  mass.  Dr.  Oppolzer,  at  Vienna,  saw  it  as  a  faint  nebulous  mass, 
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•with  an  eccentric  and  very  faint  nucleus.  This  delicate  object  has  afforded 
spectra  to  Mr.  Huguins  with  his  8-inch  telescope.  He  saw  it  as  an  oval  nebulous 
mass,  with  a  minute  stellar  nucleus.  The  light  from  the  coma  gave  a  continuous 
spectrum.  The  nucleus  gave  a  spectrum  in  which  the  nitrogen  characteristics 
were  apparent.  Mr.  Huggins  thinks  the  nucleus  a  self-luminous  body,  and 
that  the  coma  probably  shines  by  reflecting  solar  light.  It  was,  however,  too 
faint  to  enable  him  to  recognise  the  solar  lines.  Dr.  Oppolzer  states  that  this 
comet  will  be  scarcely  visible  in  February.  On  the  1st  February  he  gives  its 
place  as  E.A.  23h.  43m.  38s.,  S.D.,  1°  50'  4"  . 

New  Planet  (86). — Dr.  Tietjen,  of  Berlin,  discovered  anew  planet  on  the  4th 
January,  while  looking  for  planet  85.  Its  magnitude  is  119.  Planet  85,  E.A.  lh. 
11m.  24s.  *59 ;  N.D.  33  17'  28"  *3.  Planet  86,  E.A.  lh.  11m.  8s.  *68:  N.D.,  3° 
23v  47". 

Newly  Becognized  Force  disturbing  the  Moon. — M.  Delaunay  has  in 
Comptes  Rendus ,  No.  24,  1865,  an  elaborate  paper  on  this  subject.  His  conclusion 
is  that  the  “  perturbing  forces  to  which  a, re  due  the  periodical  oscillations”  of  the 
surface  of  the  sea  (the  tides)  in  “  exerting  a  heaping-up  effect  in  the  water,  deter¬ 
mine  a  progressive  retardation  in  terrestrial  rotation,  and  produce  also  an  appa¬ 
rent  sensible  acceleration  in  the  mean  movement  of  the  moon.” 

Biela’s  Comet. — Comptes  Rendus  contains  a  telegram  from  Secchi  to  Le 
Terrier.  “  Borne,  10th  December,  1865. — Yesterday  morning,  at  9h.  6m.,  Biela’s 
comet  very  faint.  E.A.  22h.  46m.  37s.  Polar  distance,  94°  8'.” 

Spontaneous  Generation  Experiments. — M.  Victor  Meunier,  contro¬ 
verting  M.  Pasteur’s  statements  that  organisms  do  not  appear  in  boiled  infusions 
when  the  necks  of  the  vessels  are  curved  so  as  to  prevent  access  of  germs,  recites 
8°me  of  his  own  experiments,  which  he  says  show  that  ‘‘neither  mannite 
associated  with  ammoniacal  salts,  nor  pure  mannite,  nor  ox-bile,  give  living 
organisms,  and  that  of  three  vessels  containing  beef  soup  two  were  peopled  with 
animalcules  and  the  other  remained  sterile.  Three  other  vessels  containing 
urine  gave  two  with  animalcules  and  one  with  protophytes.”  M.  Pasteur  affirms 
that  by  having  a  multiplicity  of  apertures,  M.  Meunier  has  enabled  external 
germs  to  get  in. 

Purifying  Water  for  Fish  Hatching.— Dr.  W.  H.  Eansom  states  in 
Transactions  of  the  Midland  Scientific  Association ,  that  a  few  drops  of  a  weak 
solution  of  permanganate  oi  lime,  added  night  and  morning,  sweetens  water  and 
supplies  oxygen,  and  thus  diminishes  the  mortality  in  fish-hatching. 

A  Fossil  Eizard  in  Copal. — The  Annals  of  Natural  History  for  January, 
contain  an  account  translated  from  Monatsbericht  de  Rreuss.  AJcad.,  for  August, 
1865,  of  a  piece  of  fossil  copal  from  Zanzibar,  containing  an  impression  of  a 
fossil  lizard,  so  perfect  that  all  the  parts  of  the  body  and  the  scales  were  distinct. 
It  was  recognized  as  belonging  to  the  genus  Hernidactylus. 

Muscular  Power  of  Insects— M;  Felix  Plateau  has  made  fresh  experi¬ 
ments  on  the  muscular  force  exerted  by  insects.  By  attaching  a  wire  to  the  legs 
ot  insects  he  ascertains  the  weight  they  draw  on  a  given  surface,  and  finds  that  a 
beetle,  Donacia  nymphea ,  can  pull  42*7  of  its  own  weight.  If  a  horse  were 
equally  powerful  he  would  be  able  to  draw  25,000  kilogrammes,  or  more  than 
double  that  number  of  pounds. 
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STRATIFIED  DISCHARGEES  IN  VACUUM  TUBES. 

MR.  GASSIOT’S  EXPERIMENTS. 

( With  a  Coloured  Plate.) 

The  older  electricians  were  familiar  with  the  beautiful  auroral 
effects  obtained  by  transmitting  frictional  electricity  through 
glass  vessels  partially  exhausted  of  air.  To  obtain  analogous 
effects  with  galvanic  electricity  a  high  degree  of  tension  is 
required,  which,  until  a  few  years  since,  could  only  be  obtained 
by  employing  batteries  containing  an  immense  number  of  insu¬ 
lated  cells.  The  introduction  of  coil  machines  enabled  currents  of 
great  intensity  to  be  obtained  by  the  use  of  one  or  two  gal¬ 
vanic  cells ;  and  when  these  machines  were  perfected  by 
Ruhmkorff,  very  powerful  effects  were  readily  produced.  The 
principle  of  a  coil  machine  is  that  of  accumulating  the  effects 
of  a  series  of  inductions.  An  intermitting  current  of  galvanic 
electricity  is  passed  through  a  thick  copper  wire  wound  round 
a  bundle  of  iron  wires,  which  in  rapid  alternations  become 
and  cease  to  be  powerfully  magnetic.  Over  this  primary 
coil  a  great  length  of  thin  wire,  covered  by  insulating 
materials,  is  arranged  in  close-fitting  coils  one  over  the  other. 
In  large  instruments  three  or  four  miles  of  thin  wire  are  dis¬ 
posed  of  in  this  way.  In  the  centre  of  the  thick  primary  coil 
the  mass  of  soft  iron  becomes  a  magnet  the  moment  the  wire, 
is  traversed  by  a  current.  When  this  takes  place  it  attracts  a 
little  hammer  of  soft  iron,  so  placed  that  as  soon  as  it  moved 
the  current  is  interrupted.  The  effect  of  this  interruption  is 
that  the  mass  of  soft  iron  in  the  centre  of  the  coil  ceases  to  be^ 
magnetic,  and  the  little  hammer,  ceasing  to  be  attracted, 
returns,  through  the  elasticity  of  its  handle,  to  its  former  place. 
The  current  is  then  renewed,  to  be  broken  and  renewed  in  very 
rapid  alternations.  At  each  renewal  of  the  current  through 
the  primary  coil,  a  fresh  current,  produced  by  induction,  is 
thrown  into  the  thin  coils,  and  the  greater  the  number  of  these 
coils,  the  greater  the  force  of  the  electric  discharge  to  be  ob¬ 
tained  from  them. 
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The  vacuum  tubes;  or  vessels  through  which  these  dis¬ 
charges  are  passed;  in  order  to  obtain'  certain  remarkable 
luminous  effects;  are  of  various  shapes ;  in  some  cases  the  air 
in  them  is  exhausted  by  making  them  form  a  part  of  a  Torri¬ 
cellian  vacuum;  and  then  minute  quantities  of  any  gas  required 
are  introduced.  In  other  cases  such  tubes  are  filled  with  car¬ 
bonic  acid  gaS;  part  of  which  is  removed  by  means  of  an  air- 
pump,  and  nearly  all  the  remainder  absorbed  by  caustic 
potash. 

The  atmospheric  pressure  inside  one  of  Geissletis  vacuum 
tubes  is  said  not  to  exceed  half  a  millimetre,*  and  is  often 
much  less.  The  general  character  of  the  discharge  of  a  power¬ 
ful  induction  coil  through  one  of  the  vacuum  tubes  just 
described,  is  an  alternation  of  luminous  and  dark  bands, 
accompanied  by  a  quivering  motion. 

When  the  discharge  takes  place  through  a  tube  containing 
an  infinitesimal  quantity  of  atmospheric  air,  the  light  of  the 
positive  pole  is  fiery  red,  that  of  the  negative  pole,  violet,  A 
hydrogen  vacuum  tube,  in  which  bulbs  alternate  with  capillary 
tubes,  shows  white  light  in  the  former,  and  red  in  the  latter, 
dark  bands  alternating  with  light  ones.  Carbonic  acid  tubes 
give  a  greyish  light,  and  nitrogen  orange  red.  The  dark 
bands  or  striae  vary  in  shape  according  to  the  nature  of  the 
so-called  vacuum. f 

Nothing  can  exceed  the  beauty  of  this  class  of  experiment, 
and  it  is  frequently  heightened  by  the  employment  of  tubes 
made  of  glass  tinged  with  uranium,  which  becomes  phos¬ 
phorescent  under  the  influence  of  the  electric  light.  In  one  of 
the  pieces  of  apparatus  devised  by  Mr.  Gassiot  a  stream  of 
coloured  fire  falls  into  a  series  of  different-coloured  cups, 
while  in  another,  a  vacuum,  tube  is  made  to  revolve,  producing 
a  wheel  of  splendid  fire. 

We  are  glad  to  observe  that  several  opticians  have  recently 
produced  coil  machines  and  vacuum  tubes  on  a  small  scale  at  a 
moderate  price,  so  that  this  interesting  branch  of  study  has  a 
chance  of  becoming  popular,  and  those  who  cannot  witness  the 
magnificent  exhibitions  so  often  made  at  London  soirees  may 
be  able  to  obtain  at  pleasure  similar  effects  in  their  own  homes. 

Mr.  Gassiot,  to  whom  this  and  other  branches  of  electrical 
science  are  under  deep  obligations,  possesses  a  magnificent 
collection  of  vacuum  tubes,  amounting  to  more  than  four 
hundred,  arranged  in  a  convenient  laboratory  duly  labelled,  and 
their  peculiarities  registered  in  what  we  may  designate  an 
electrical  ledger.  Having  tried  innumerable  experiments  with 
the  aid  of  KuhmkorfFs  coils,  Mr.  Gassiot  determined  on  the 

#  760  millimetres  correspond  with  29,922  English  inches  of  mercurial  pressure, 
t  A  real  vacuum  would  not  transmit  the  current  at  all. 
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construction  of  the  most  powerful  constant  battery  yet  made. 
For  this  purpose  he  caused  four  thousand  cells  containing 
carbon  and  amalgamated  zinc  elements,  to  be  arranged  on  a 

O  3  cD 

series  of  trays,  extending  in  his  laboratory  from  the  ceiling  to 
the  ground.  These  cells,  are  excited  by  a  solution  of  sulphate 
of  mercury.  Under  the  influence  of  the  electric  current,  this 
solution  is  decomposed,  the  sulphuric  acid  attacking  the  zinc, 
forms  a  sulphate  which  remains  in  solution,  and  the  mercury 
which  is  liberated  gives  the  zinc  a  fresh  coating  of  amalgam, 
and  keeps  down  local  action.  The  frames  holding  this  magni¬ 
ficent  apparatus  are  arranged  at  certain  intervals,  insulated 
wires  are  attached,  and  the  number  of  cells  set  in  motion  by 
making  connections  at  any  point  is  made  known  by  appropriate 
labels. 

Before  the  currents  from  this  battery  reach  the  tubes,  they 
pass  through  an  apparatus  by  which  they  can  be  exposed  to 
definite  and  measured  quantities  of  resistance,  in  the  shape  of 
spaces  of  air  and  spaces  of  water. 

We  have  prefaced  a  description  of  the  remarkable  experi¬ 
ments  which  the  coloured  plate  prefixed  to  this  article  illus¬ 
trates,  and  which  is  copied  from  a  drawing  kindly  lent  by 
Mr.  Gfassiot,  by  the  preceding  elementary  remarks,  because  we 
believe  that  many  persons  not  previously  acquainted  with  this 
branch  of  investigation  will  take  great  interest  in  it,  if  assisted 
by  the  preliminary  information  thus  afforded. 

Amongst  the  large  collection  of  vacuum  tubes  in  Mr. 
GassioFs  collection,  one  made  by  Geissler  yielded  anomalous  and 
most  remarkable  results.  These,  which  were  described  by  Mr. 
Gassiot  to  the  British  Association  form  the  subject  of  our 
plate.  When  a  discharge  of  from  1200  to  4000  cells  of  the 
constant  battery  is  passed  through  this  tube,  after  suffering 
a  varying  amount  of  resistance  through  the  interposition  of 
a  column  of  water  of  different  lengths,  a  series  of  striking 
effects  are  obtained.  The  resisting  water  column  is  contained 
in  a  glass  tube  half  an  inch  in  diameter  and  three  feet  long. 
At  one  end  of  this  tube  a  wire  is  introduced,  connected  with 
one  pole  of  the  battery,  and  at  the  other  end  is  a  second 
wire,  connected  with  the  vacuum  tube.  When  the  discharge 
has  to  traverse  the  whole  column  of  water  before  reaching  the 
vacuum  tube,  a  luminous  appearance  fills  the  latter  without 
exhibiting  any  appearance  of  stratification.  By  depressing 
one  wire  in  the  water  column,  and  thus  reducing  the 
resistance  by  shortening  its  acting  length,  small  crescent¬ 
shaped  discs  of  light  are  produced  in  quick  succession, 
beginning  at  the  positive  pole,  and  alternating  with  dark 
bands.  They  speedily  fill  the  whole  length  of  the  vacuum 
tube.  A  further  depression  of  the  conducting  wire  in 
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the  water  diminishes  the  resistance  which  the  electric  cur¬ 
rent  experiences,  and  another  change  occurs  in  the  vacuum 
tube.  The  discs  commence  receding,  one  by  one  disappearing 
at  the  positive  terminal,  until  nineteen  remain,  much  aug¬ 
mented  in  brilliancy  and  sharp  distinction  from,  the  intervening 
dark  bands.  A  still  further  depression  of  the  wire,  and  dimi¬ 
nution  of  the  resistance,  causes  the  two  discs  of  light  nearest 
to  the  negative  pole  to  join  together,  and  form  a  double  convex 
pattern,  the  side  facing  the  negative  pole  being  a  delicate  blue 
colour,  that  facing  the  positive  reddish  fawn,  with  a  brilliant 
red  band  between.  A  new  crescent-shaped  disc  appears  at 
the  positive  terminal  simultaneously  with  these  changes  at  the 
negative ;  and  if  the  depression  of  the  wire  and  diminution  of 
resistance  be  further  continued,  the  discs  nearest  the  negative 
pole  join  in  succession  one  after  the  other,  a  fresh  crescent¬ 
shaped  disc  appearing  each  time  at  the  positive  end. 

When  the  two  wires  in  the  water-tube  touch,  the  resistance 
of  that  fluid  ceases,  and  all  the  nineteen  luminous  discs  assume 
the  double  convex  form,  and  the  colours,  especially  the  blue, 
become  exceedingly  brilliant,  (see  Fig.),  the  double-shaped 
discs  showing  the  discharges  when  the  least  resistance  is  intro¬ 
duced.  When  in  this  state  Mr.  Gassiot  places  the  vacuum 
tube  between  the  poles  of  a  very  powerful  electric  mag¬ 
net,  and  immediately  the  discs  separate,  as  if  the  water 
resistance  had  been  again  introduced,  and  they  are  deflected 
towards  the  upper  or  lower  part  of  the  tube,  according  to 
the  direction  of  the  magnetic  current.  On  the  sides  of 
the  tubes,  where  four  or  flve  of  the  discs  nearest  the  negative 
impinge,  there  remains  a  black  deposit  similar  to  that  de¬ 
posited  from  the  negative  metallic  wires  of  an  induction  coil. 
The  negative  pole  is  at  the  hammer-headed  end  of  the  figures, 
and  the  positive  at  the  narrow  end. 
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A  VISIT  TO  THE  PEINCIPAL  PISCICULTUEAL  ESTABLISHMENTS 
IN  GEEMANY,  SWITZEELAND,  AND  EEANCE. 

BY  AN  OLD  BUSHMAN. 

I  hardly  think  that  in  any  country  is  the  government  more 
liberal,  according  to  its  means,  than  Sweden,  in  promoting 
scientific  pursuits.  Every  year  certain  stipends  are  granted 
to  various  professors  to  enable  them  to  travel  in  other  countries 
for  the  purpose  of  obtaining  information ;  and  when  they 
return  to  Sweden  they  have  to  publish  a  report  in  the  Trans¬ 
actions  of  the  Academy  of  Science  of  what  they  have  seen.  It  is 
quite  needless  to  dwell  upon  the  benefits  which  are  likely  to 
accrue  to  a  land  like  Sweden,  one  eighth  of  which  is  connected 
with  water,  and  whose  coasts  are  of  so  great  extent,  by 
adopting  a  proper  management  of  the  fisheries,  and  above  all 
in  paying  a  proper  attention  to  fish  culture.  The  following 
report  by  Professor  C.  Bystrom,  who,  in  1863,  took  a  journey 
to  Germany,  Switzerland,  and  France,  for  the  purpose  of  in¬ 
specting'  the  different  establishments  in  those  countries  for 
fish  culture,  will,  I  think,  prove  quite  as  interesting  to  the 
English  as  the  Swedish  reader. 

Bystrom  left  Sweden  on  May  29th,  and  proceeded  first  to 
Frankfort- sur-Maine,  and  from  thence  to  the  little  town  of 
Herrenalh,  near  Schwarzwald,  in  Wurtemburg,  to  inspect  the 
fish-hatching  apparatus  of  Ur.  Klenertz,  which  he  describes  as 
follows  : — • 

The  peculiarity  in  this  hatching  machine  consists  in  this, 
that,  unlike  other  apparatus  for  hatching  the  roe  of  the 
salmon,  it  does  not  let  the  same  water  pass  over  several 
layers  of  roe,  through  a  row  of  boxes  placed  after  or  below 
each  other,  but  each  box  has  its  own  separate  stream  of 
water,  which  is  as  much  as  possible  mixed  with  atmospheric 
air.  Dr.  Klenertz  has  found  that  when  one  and  the  same  stream 
of  water  passes  through  several  separate  boxes,  each  of  which 
contains  one  or  two  thousand  roe-corns,  the  hatching  out  of 
the  roe  takes  place  later,  or  at  least  more  irregularly,  in  the 
last  box  than  in  the  first.  The  reason  of  this  is,  that  when 
the  living  roe- corns,  through  a  kind  of  breathing  process,  have 
consumed  the  oxygen  from  the  water,  it  by  degrees  loses  the 
necessary  vitality  which  is  required  for  hatching  out  the  roe  in 
the  lower  boxes.  He  has  therefore  invented  the  following 
hatching  apparatus. 

From  the  lower  end  of  a  spring  the  water  is  brought  by  a 
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short  underground  tube  to  a  large  stone  trough,  in  which  the 
trout  are  kept  during  the  summer,  until  the  roe  and  milt  is 
ready  for  fructification  in  the  autumn.  The  water  runs  from 
this  stone  trough  through  numerous  separate  pipes  to  two 
other  large  troughs,  the  one  of  stone,  the  other  of  wood,  the 
sides  and  bottoms  of  which  are  covered  with  cement.  Each 
of  these  troughs  is  about  twelve  feet  long,  two  feet  broad,  and 
two  feet  deep.  Small  gratings  are  fixed  into  the  sides, 
which  serve  as  rests  for  the  hatching  boxes.  These  boxes 
are  made  of  sheet  iron,  painted  with  oil  colours,  one  foot 
square  and  five  inches  high  on  all  sides,  bored  through  with 
small  holes  in  two  rows.  In  the  top  of  each  box  is  a  groove, 
likewise  pierced  with  fine  holes.  After  the  box  is  filled  with 
clean  gravel  to  the  height  of  three  inches,  on  which  the  im¬ 
pregnated  roe  is  laid,  the  water  is  turned  on,  which  runs 
through  a  leaden  spout,  consisting'  of  two  pipes  branching  off 
from  the  main  tube,  and  fastened  to  the  troughs  themselves 
with  iron  rods.  From  these  pipes  small  perpendicular  tubes, 
furnished  at  the  ends  with  small  filters,  which  separate  the 
falling  water,  and  bring  it  in  contact  as  much  as  possible  with 
the  atmospheric  air.  Such  a  pipe  carries  the  water  separately 
into  each  of  the  hatching  boxes,  and  the  distribution  of  the 
water  is  further  facilitated  by  the  small  holes  in  the  tops  of 
the  boxes. 

This  method  has  led  to  the  happiest  results,  and  a  very 
small  percentage  of  the  fructified  roe  is  lost.  The  doctor  also 
adopts  a  new  plan  for  cleaning  the  gravel.  To  free  this  from 
the  green  slimy  vegetation  which  often  encircles  stone,  and 
would  be  most  pernicious  to  the  fructifying  of  the  roe,  he  does 
not  content  himself  with  simply  washing  the  gravel  in  cold 
water,  but  also  in  boiling  water. 

His  mode  of  feeding  the  young  fish  during  the  first 
period  after  the  umbilical  bladder  has  disappeared  is  this  : — He 
takes  a  quantity  of  well  cleaned  ox  blood,  and  then  several 
times  every  clay  pours  a  quantity  of  this  into  the  lower  end  of 
the  spring ;  this  is  washed  down  by  the  running  water  to  the 
young  fish,  which  have  now  a  freer  place  of  exercise  in  the 
boxes,  as  the  gravel  has  been  removed.  As  the  young  fish 
become  stronger,  he  exchanges  the  blood  for  fine  pea  meal, 
which  he  gives  to  them  in  the  same  manner.  At  length  he 
gives  them  different  kinds  of  cheese  for  food.  After  the  young 
fish  are  two  or  three  months  old  he  turns  them  into  a  river, 
which  he  has  hired  for  six  or  eight  English  miles.  When  he 
hired  this  river,  in  1857,  the  trout  of  which  are  noted  for  their 
fine  flavour,  the  trout  fishery  in  it  had  been  so  destroyed 
that  the  cleverest  angler  could  scarcely  catch  one.  Now, 
however,  on  account  of  the  doctor's  fish  culture,  the  fishing 
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in  this  river  has  again  become  so  good,  that  a  good  fisherman 
has  no  difficulty  in  killing  ten  brace  of  fine  trout  in  a  day. 

In  the  beginning  of  July  Bystrom  left  Herrenalh,  and 
travelled  to  Bavaria.  Here  he  met  with  a  mam,  the  State  fisher¬ 
man who  yearly  hatches  out,  and  also  sends  away,  a  great  deal 
of  the  Danube  salmon  (Sal.  hucho)  to  the  large  French  estab¬ 
lishment  at  Hiiningen,  and  the  manner  in  which  he  proceeds 
with  the  fructifying  this  roe,  and  sending  it  to  Hiiningen,  is  as 
follows  : — • 

The  fructifying  vessel,  which  is  tolerably  large,  and  with  a 
flat  bottom,  is  filled  about  one  inch  deep  with  pure  water,  of 
the  same  temperature  exactly  as  that  in  which  the  spawning 
fish  live  ;  then  two  persons  take  hold  of  a  female  fish,  of  which 
one  holds  the  head,  the  other  the  tail.  After  the  fish,  which  is 
held  in  an  upright  position,  has  ceased  struggling,  the  roe,  if  it 
is  quite  ripe,  begins  to  run  from  the  fish ;  and  in  order  to  obtain 
as  much  as  possible,  the  fishes  sides  and  belly  should  be  rubbed 
softly  from  the  breast  down  to  the  anus.  If  the  fish  is  large,  it 
is  never  worth  trying  to  press  out  all  the  roe  at  one  time.  If 
the  fish  is  of  a  pound  weight,  or  above,  it  is  best  at  first  only  to 
take  away  part  of  the  roe,  and  then  slip  the  fish  back  again 
into  the  reservoir,  that  in  a  day  or  two  after,  when  the  rest  of 
the  roe  is  fully  ripe,  it  may  undergo  a  similar  operation.  After 
the  roe  has  been  pressed  out,  and  spread  over  the  bottom  of 
the  vessel,  a  male  fish  is  taken,  and  a  few  drops  of  milt  are 
pressed  out  into  the  water,  and  which,  when  they  mix,  have 
the  appearance  of  thin  whey.  The  roe  and  milt  are  then 
stirred  up  with  the  finger,  and  after  five  minutes  the  roe  is 
packed  in  small  boxes  for  sending  away.  These  boxes  are 
about  two  feet  in  length,  six  inches  broad,  and  six  inches  high. 
On  the  bottom  of  the  box  a  layer  of  damp  moss  is  laid,  upon 
this  a  damp  linen  cloth,  upon  this  the  roe  is  spread  tolerably 
thin,  and  this  is  again  covered  with  a  wet  linen  cloth.  The 
box  is  then  filled  with  moss,  so  that  the  top  presses  pretty 
tightly  upon  it,  and  hinders  the  roe  from  shaking  and  rubbing 
during  the  transport.  The  transport  from  Augsburg  by  railroad 
to  Hiiningen  is  only  a  day ;  but  if  the  roe  is  to  be  transported 
further,  it  is  better  not  to  pack  them  till  the  eyes  of 
the  fish  appear  like  two  black  spots,  because  in  this  stage 
the  roe  is  better  fitted  to  bear  the  shaking  during  the 
passage.  The  roe  thus  sent  to  Hiiningen  usually  hatched  out 
seventy  to  eighty  per  cent,  young  fish.  When  it  was  neces¬ 
sary  that  the  transport  must  take  place  through  a  warmer 
temperature,  which  always  exercises  a  great  influence  on  the 
roe,  he  had  tried  to  keep  the  roe  at  a  proper  temperature  by 
mixing  ice  with  the  moss  in  the  boxes  in  which  the  roe  was 
packed ;  but  this  had  always  failed,  for  the  ice  melted,  and  the 
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ice-water  had  injured  the  roe.  If  it  is  necessary  to  use  ice,  a 
double  box  must  always  be  provided,  and  the  ice  packed  'in 
the  space  between  the  sides,  so  that  it  is  altogether  impossible 
that  the  roe  can  be  injured  by  the  ice-water. 

From  Augsburg  he  went  to  Munich,  to  inspect  the 
hatching  apparatus  of  J.  B.  Ivuffer.  This  is  constructed  in  a 
cold  spring  running  out  of  a  rock,  near  the  banks  of  the  river 
Isar.  The  spring  conveys  the  water  first  through  three  large 
reservoirs,  the  one  of  stone,  the  two  others  of  wood,  each  fur¬ 
nished  with  a  sloping  cover.  On  the  plain  below  these,  three 
smaller  dams  are  dug,  each  about  twelve  to  twenty  feet  square. 
The  bottoms  of  these  dams  are  covered  with  a  layer  of  clay 
six  inches  thick,  and  over  that  another  layer  of  fine  clean 
gravel,  and  the  sides  are  boarded.  The  water  which  runs  through 
the  before-mentioned  reservoirs  circulates  between  these  dams, 
and  fills  them  with  water  to  the  depth  of  about  afoot.  Around 
one  of  these  dams  is  formed  of  boards  a  small  canal,  about  six 
inches  deep,  .  and  furnished  with  a  cover.  In  this  canal,  the 
bottom  of  which  is  also  covered  with  gravel,  the  roe  is  hatched, 
which  does  not,  however,  lie  upon  the  gravel  itself  in  the 
bottom  of  the  canal,  but  in  separate  vessels  of  burnt  clay. 
These  vessels  are  round,  scarcely  a  foot  in  diameter,  and,  as 
well  as  the  covers,  are  perforated  with  small  holes,  and  filled 
with  a  layer  of  fine  gravel  to  the  height  of  a  few  inches.  The 
fructified  roe  is  spread  on  this  gravel,  and  the  vessel  is  placed 
in  the  canal,  so  that  the  top  part  stands  above  the  water,  and 
the  eggs  lie  in  water  one  inch  deep.  On  account  of  the  fine 
holes  in  the  sides  of  the  vessel,  the  water  has  a  gentle,  but 

even  motion,  which  imparts  a  lively  current  to  the  water  in 
the  canal. 

In  this  manner  the  young  of  the  great  lake  trout,  of  the 
c  an  (*>.  lemanus),  and  the  huchen  ($.  liucho ),  are  hatched 
only,  as  also  of  the  common  trout.  As  the  water  throughout 
the  year  has  a  temperature  of  7°  warmth  Celsius,  the  young  are 
hatched  out  in  the  short  space  of  43  days.  The  young 
fish  during  the  first  weeks  of  their  lives,  while  they  carry  the 
umbilical  bladder,  must  remain  m  the  hatching  vessel  ;  but 
after  this  has  disappeared,  they  require  more  room  and  food, 
and  they  are  then  turned  into  the  canal  itself,  and  fed  on  calf 
brains,  mixed  with  wheat  bran,  in  the  form  of  little  balls  about 
the  size  of  peas.^  To  save  trouble,  the  method  of  feeding  the 
young  fish  is  as  follows  : — 

In  the  margin  of  a  small  wheel,  about  8  or  9  inches  in 
diameter,  which  by  means  of  a  common  watch  spring  and  the 
working  of  smaller  wheels,  is  kept  in  an  even  and  gentle 
motion,  are  a  number  of  small  holes  or  divisions,  in  each  of 
which  one  or  more  of  the  beforenamed  balls  of  meat  are  laid. 


On  Fish  Culture . 


89 


The  balls  are  kept  in  their  places  by  means  of  a  tin  shield 
fastened  outside  the  wheel,  till,  on  account  of  the  rotary  motion 
of  the  wheel  they  reach  a  small  opening  in  the  bottom  of  the 
shield,  when  they  fall  into  a  little  strainer  of  iron  or  brass  wire, 
which  stands  in  the  water  below  the  wheel.  The  balls  of  food 
now  soon  dissolve,  and  the  young  fish  eagerly  snap  up  the 
small  particles  which  become  mixed  with  the  water.  Experience 
has  proved  that  the  young,  at  least  of  the  salmon  genus,  are 
very  unwilling  to  take  their  food  after  it  has  sunk  to  the 
bottom,  and  lies  there  motionless.  It  seems,  therefore,  neces¬ 
sary,  in  order  to  arouse  their  appetite,  that  the  food,  at  least 
for  a  short  time,  should  be  kept  floating  in  the  water,  and  thus, 
on  account  of  its  motion,  give  it  some  appearance  of  life. 
Eor  nothing  but  living  food,  such  as  small  Crustacea  and  the 
like,  appear  to  be  the  natural  food  at  first  of  the  young 
Salmonidoe. 

After  Kuffer  has  fed  the  young*  fish  for  a  few  months, 
sometimes  only  for  some  weeks,  he  transplants  them  out 
into  lakes  and  streams  with  excellent  results.  Some,  how¬ 
ever,  are  still  kept  and  fed  in  the  beforementioned  reser¬ 
voirs  j  and  Bystrom  saw  in  one  of  these,  two  lake  trout,  which 
in  five  years  had  reached  a  weight  of  between  8  and  9  lb. 
In  one  of  these  reservoirs  he  saw  common  trout  of  three  years 
old,  several  hundred  in  number,  which  appeared  to  weigh  from 
2  to  31b.  In  another,  about  1000  trout  of  two  years  old, 
which  were  about  8  to  1  0  inches  long,  and  in  another,  several 
three  years  old  Laiblinge^  ($.  lemhla )  of  about  1  lb. 
weight.  All  these  are  fed  with  small  living  fish  of  the  carp 
genus,  such  as  C.  jeses  and  G.  nasus,  which  are  taken  for  this 
purpose  in  the  river  Isar,  as  well  as  the  entrails  of  other  fish. 
In  order  to  attain  a  quick  growth,  these  salmon  trout  and 
charr  require  a  considerable  quantity  of  animal  food,  and  no 
one  but  a  man  like  Kuffer,  who  has  it  in  his  power  to  procure  a 
sufficiency  of  food,  can  carry  on  this.  But  as  he  hires  a  great 
deal  of  water  from  Government,  at  a  very  moderate  outlay,  to 
encourage,  his  fish  culture,  he  never  has  any  want  of  food 
throughout  the  year. 

As  all  the  salmon  are  naturally  fond  of  shady  places,  where 
they  can  lie  in  wait  for  their  food,  Kuffer  has  constructed  a 
little  place  of  shelter  along  one  side  of  the  feeding-dam,  of 
about  three  feet  long,  and  furnished  at  the  bottom  with  a  small 
opening*,  through  which  the  fish  can  enter.  Here  they  retire 
when  alarmed  by  any  passing  shadow,  and  lie  hid,  and  when 
they  venture  out  again  for  food,  which  is  cast  before  the  opening 
of  their  retreat,  they  take  it  with  the  speed  of  lightning,  and 
the  eye  can  scarcely  detect  the  glance  of  a  fish  before  it  has 
again  retreated  to  its  hiding  place. 


90 


On  Fish  Culture. 


In  the  tract  around  Munich  are  also  several  other  breeding 
places  on  a  smaller  scale,  but  all  upon  the  same  plan  as  that  of 
Kuffer. 

Even  in  Kreuth,  not  far  from  the  Tyrol  border,  a  Dr. 
Stephens  had  constructed  an  apparatus  for  hatching  out  the 
young  fish,  which  had  been  attended  with  good  results.  But 
he  had  also  constructed  several  large  dams  for  the  purpose  of 
fattening  useful  fish  for  the  table.  But  this  was  not  successful. 
These  fish,  which  consisted  principally  of  Rhine  salmon  (from 
roe  furnished  by  the  Society  at  Huningen,  in  France),  Salmo 
lernbla ,  and  common  trout,  had  already  attained  an  age  of 
seven  years,  and  yet  the  largest  did  not  weigh  more  than  about 
2  lb.,  whereas  the  fish  in  KuffeFs  reservoirs  in  Meinchen,  at 
the  age  of  three  years,  weighed  about  31b.  This  proves  how 
ill  such  fish  culture  pays  without  proper  attention  and  proper 
food.  The  food  at  Kreuth  consisted  of  flesh  offal  from  the 
kitchen,  and  was  given  irregularly,  and  was  probably  not 
palatable  to  the  fish. 

After  Bystrom  passed  the  principal  part  of  August  in  Lindau, 
Constance,  and  Langenay,  ail  on  the  Lake  of  Constance,  he  set 
to  work  to  procure  some  fish  from  this  lake  for  the  Society  in 
Sweden  ;  and  when  he  heard  that  in  the  Canton  of  Zurich,  in 
Switzerland,  there  was  an  excellent  establishment  for  fish 
culture,  lie  proceeded  to  the  little  town  of  Meilchen,  on  the 
Lake  Zurich,  where  this  establishment  lay.  This  has  been 
about  ten  years  in  operation,  and  belongs  to  one  Jacob  Frieman, 
and  is  built  at  a  little  distance  from  the  town,  by  the  side  of  a 
small  stream,  which  runs  from  some  cold  springs  in  the  vicinity, 
and  then  flows  down  the  vine-covered  mountains  which  surround 
the  town.  On  a  small  plain  at  the  foot  of  a  steep  hill  one  sees 
some  large  and  smaller  dams,  and  in  the  midst  of  them  a  neat 
little  rustic  cottage,  which  serves  as  a  receptacle  for  the  fish¬ 
hatching  apparatus,  and  contains  a  museum  of  fish  preserved 
in  spirits ;  under  this  house,  and  extending  for  some  distance 
beyond  it,  are  three  small  parallel  canals,  each  about  one  foot 
deep.  Fed  by  water  from  the  running  brook,  these  canals 
form  the  principal  hatching  receptacles  for  the  fish ;  but  as  the 
temperature  of  the  water  in  the  winter  is  altogether  too  low, 
and  as  the  water  is  sometimes  frozen  up  so  that  the  hatching 
is  delayed,  it  was  necessary  to  seek  the  nearest  springs  in  the 
vicinity,  in  order  to  form  new  canals,  in  which  to  hatch  the 
roe,  close  to  them.  These  canals  are  boxes,  12  to  16  feet 
long,  9  inches  broad,  the  bottom  covered  with  gravel,  and  the 
further  ends  furnished  with  a  fine  wire  grating.  By  each  of 
the  two  springs,  which  are  situated  a  short  distance  from  each 
other,  three  such  boxes  were  placed  close  together,  but  each  a 
little  below  the  other,  so  that  the  water,  with  a  little  fall,  could 
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freely  circulate  from  one  to  tlie  other.  For  the  rest,  the  three  boxes 
were  placed  on  the  free  but  sloping  surface  of  the  ground,  only 
with  the  upper  end  a  little  sunk  in,  to  keep  out  the  snow,  and 
protect  the  roe  from  water  mice  and  other  enemies ;  each  box 
was  furnished  with  a  locked  cover. 

Here  they  do  not  use,  as  in  Bavaria,  small  separate  vessels 
for  hatching  out  the  roe.  The  roe  corns  are  spread  on  the 
gravel  in  the  bottom  of  the  canals,  and  the  water  is  kept  at 
such  a  height  that  it  just  covers  the  roe,  which  is  laid  in  two 
layers. 

They  only  hatch  out  salmon  and  trout  roe,  and  the  method 
employed  is  exactly  as  we  have  before  described.  But  they 
have  found  out  here,  by  experiment,  that  the  milt  of  the  male 
fish  can  be  over-ripe,  and  in  this  state  it  is  very  thin,  and  will 
scarcely  mix  with  the  water  or  colour  it  white.  Such  milt  is 
altogether  useless  for  fructification ;  and  as  soon  as  the  before- 
mentioned  signs  appear  they  must  procure  other  milt  which 
is  fitting,  and  which  in  appearance  resembles  tolerably  thick 
cream,  easily  mixes  with  the  water,  and  gives  it  an  even 
whitish  colour.  It  is  not  necessary  to  use  much  milt  to  fruc¬ 
tify  good  roe  ;  the  water  should  be  only  slightly  coloured.  It 
is  of  great  consequence  that,  after  the  milt  is  mixed  with  the 
roe,  by  stirring  it  up  with  a  fine  hair  pencil,  the  water  for  at 
least  a  minute  should  be  shut  off,  and  new  water  poured  in ; 
for  it  is  highly  pernicious  to  the  roe  to  let  it  be  five  or  ten 
minutes  in  contact  with  the  wet  milt.  Only  in  a  case  where 
the  roe  shall  be  immediately  carried  for  a  short  distance  can  it 
remain  in  the  water  impregnated  with  the  milt ;  but  in  case  of 
a  longer  transport  it  should  be  immediately  packed  in  damp 
moss. 

As  soon  as  ever  the  young  fish  have  lost  the  umbilical 
vessel,  Freiman  thought  was  the  best  time  to  implant  them 
into  their  natural  water.  To  keep  them  longer  in  confined 
tanks,  fed  on  an  artificial  diet,  he  fancied  served  for  nothing 
else  but  to  obliterate  their  natural  instinct,  and  unqualify  them 
to  live  in  free  water.  This  artificial  feeding  up  of  a  great 
many  young  fish  is  always  attended  with  a  considerable  loss ; 
besides,  the  danger  which  the  young  salmon  incur  when  they  are 
planted  out,  is  not,  after  all,  so  very  great.  They  live,  generally, 
more  isolated  than  other  fish,  and  have  a  great  instinct  to  hide 
themselves  from  their  enemies  ;  besides,  the  larger  fish  of 
prey  do  not  willingly  follow  a  single  young  fry,  but  principally 
attack  those  little  fish  which  swim  in  shoals.  During  the  last 
few  years,  Freiman  had  planted  out  into  Lake  Zurich  several 
thousands  young  fish,  principally  sea,  lake,  and  brook  trout, 
as  well  as  charr,  both  8.  salvelinus  and  8.  lemanus.  In  conse¬ 
quence  of  the  great  size  of  the  lake,  no  visible  increase  of  fish 
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can  yet  be  perceived ;  but  in  the  smaller  streams,  in  which  the 
young  fish  had  also  been  planted  out,  the  result  after  five  years 
had  been  proved  to  be  very  satisfactory. 

Several  hundreds  of  the  young  fish  were  also  kept  and  fed 
in  the  dams.  For  the  least,  which  were  about  half  a  year  old, 
they  had  constructed  a  small  open  channel,  with  fresh  running 
water  from  a  cold  spring.  This  channel  has  a  winding  course, 
with  here  and  there  small  basins  of  a  circular  form,  and  is 
about  four  feet  long  and  six  inches  deep.  In  each  of  these 
small  basins,  which  are  divided  from  each  other  by  fine  gratings 
of  brass  wire,  young  fish  of  different  species  are  kept,  and  all 
appeared  to  thrive  well  in  this  clear  cold  water.  To  shield  the 
young  fish  from  the  rays  of  the  burning  sun,  these  basins  were 
covered  with  light  screens  of  basket-work;  and  to  keep  out 
water  rats,  etc.,  a  small  hedge  of  willows  set  in  the  ground, 
and  about  a  foot  high,  with  willow  branches  interwoven,  was 
formed  on  each  side  of  the  little  channel  round  these  basins. 

The  food  in  use  was  the  raw  flesh  of  white  fish,  pounded 
fine  with  a  hammer,  which  was  cast  into,  and  greedily  devoured 
by  the  shoals  of  the  small  fish.  Freiman  thought  that  the 
flesh  of  fish  was  better  suited  as  food  for  these  small  fish  than 
other  flesh,  or  even  blood.  So  long  as  the  fine  crushed  food  is 
kept  in  motion  in  the  water,  which  is  easily  done  by  stirring  it 
with  the  hand,  it  forms  a  great  attraction  for  these  small  fish. 
In  the  beginning  the  food  is  given  them  once  every  day,  but 
after  that  only  once  a  week.  Kept  upon  this,  as  it  seems,  simple 
enough  diet,  the  young  fish  have  always  a  fresh  appetite,  and 
the  water  is  not  rendered  foul  through  a  mass  of  rotten  rub¬ 
bish,  which  can  not  be  prevented  when  a  large  mass  of  other 
food  is  used. 

After  many  unfortunate  trials,  in  larger  and  deeper  basins, 
to  bring  up  the  new-born  fish,  the  best  results  were  hit  upon 
by  these  small  shallow  basins,  through  which  the  cold  clear 
spring  water  keeps  up  a  continual  and  even  current.  In  deeper 
dams  the  current  is  too  strong,  and  the  cleansing  of  the  water 
does  not  take  place  quick  enough.  But  at  about  two  years 
old  the  young  fish  maybe  put  into  larger  and  deeper  dams; 
for  they  now  require  more  room,  and  can  tolerate  a  depth  of 
water  of  two  feet.  In  two  larger  dams,  about  thirty  feet  long 
and  five  feet  deep,  they  keep  more  valuable  fish,  such  as  the 
three  and  four  year  old  trout  and  S.  lernbla,  as  well  as 
some  seven  year  old  trout.  Both  these  dams,  fed  with  water 
from  the  brook  itself,  are,  like  all  the  smaller  basins,  covered 
on  the  bottom  with  a  layer  of  muddy  earth,  over  which  is 
spread  a  thinner  layer  of  gravel.  Grass  grows  freely  on  the 
bottoms;  but  the  dams  are  cleaned  out  every  spring  and 
autumn.  Even  these  dams  are  shaded  by  tops  of  basket-work 
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laid  over  their  smaller  ends.  There  is  also  another  dam  in 
conjunction  with  these,  of  the  same  size,  which  has  no  gravel 
on  the  bottom;  but  the  grass  is  allowed  to  grow  freely,  for  this 
dam  is  set  apart  for  the  fish  that  are  used  as  food  for  the  trout 
— all  of  the  carp  genus.  These  fish  breed  naturally  in  this 
dam,  and  their  progeny  are  generally  full  grown  at  the  age  of 
four  years,  when  they  will  weigh  about  |  lb.  The  seven  year 
old  trout,  of  about  3  lb.  weight,  fafc  and  handsome,  are,  like 
the  younger  trout,  fed  only  once  or  twice  in  the  week ;  but 
they  devour  a  great  quantity  at  each  meal ;  and  as  the  fish 
which  are  produced  in  the  abovementioned  dam  cannot  fur¬ 
nish  sufficient  food,  the  principal  part  of  the  food  for  the  older 
fish  is  procured  from  the  Lake  Zurich. 

The  cost  of  the  whole  apparatus  was  about  3000  francs ; 
and  the  yearly  expenses,  exclusive  of  the  salary  to  the  governor, 
about  700  or  800  francs. 

(To  be  continued .) 


NOTES  ON  FUNGI.— No.  V. 

BY  THE  REV.  M.  J.  BERKELEY,  M.A.,  E.L.S. 

FERKUaiNOUS-SPOKED  AG-AEIC3. 

(With  a  Tinted  Plate.) 

Some  of  the  finest  of  our  British  Agarics  belong  to  this  series, 
but,  with  one  or  two  exceptions  only,  to  be  mentioned  pre¬ 
sently,  it  scarcely  contains  an  esculent  species,  and  certainly 
none  of  any  great  importance.  We  have  already  seen  that 
amongst  the  white-sporecl  Agarics  one  or  two  exceptional 
species  occur  in  which  the  spores  are  slightly  tinted.  In  the 
present  series  we  must  take  the  term  ferruginous  in  a  wffde 
sense,  and  refer  to  it  species  in  which  they  are  clay- coloured, 
yellowish,  or  of  a  decided  brown.  These  latter  have  some¬ 
times  been  considered  as  forming  a  distinct  series,  Phceospori, 
but  for  the  present  at  least  they  are  included  by  Fries  amongst 
the  Dcrmini  which  form  the  subject  of  the  present  notice. 

The  subgenera  belonging  to  the  series  are  Pholiota ,  Hebe- 
loma ,  Inocybe,  Flammula,  Naucoria,  Galera,  and  Grepidotus , 
which  are  so  distinct  that  there  is  little  danger  of  their  being 
confounded,  if  common  attention  is  paid  to  the  differential 
characters.  Some  latitude,  however,  must  be  given  to  the 
colour  of  spores,  though  in  one  or  two  subgenera  a  peculiar 
tint  may  be  prevalent. 
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The  first  subgenus,  Pholiota  (from  a  scale) ,  is  dis¬ 

tinguished  by  the  presence  of  a  perfect  ring  (a  character  rather 
artificial  than  natural),  and  is  analogous  to  Armillaria  amongst 
the  white-spored  Agarics,  both  on  this  account  and  because 
the  hymenophorum  is  not  distinct  from  the  stem.  It  is  easily 
divisible  into  three  sections  characterized  by  their  place  of 
growth — the  first  consisting  of  those  species  which  grow  on  the 
ground ;  the  second  of  those  which  are  strictly  inhabitants  of 
decayed  wood  or  decaying  trunks  of  trees :  species  with 
brown  or  ferruginous  spores  occur  in  either  section ;  the  third 
contains  two  species  which  grow  on  moss. 

In  the  first  section  our  indigenous  species  are  but  few. 
Agaricus  arrhenii ,  Fr.  (Fig.  1),  is  a  pretty  species  of  rare  occur¬ 
rence,  which  we  have  detected  in  one  of  the  curious,  abrupt, 
and  unexpected  dells  in  Nottinghamshire,  which  are  known  by 
the  vernacular  name  of  Fumbles,-”  and  abound  in  rare  and 
curious  species.  This  is  not,  however,  attractive,  like  man}'  of 
this  subgenus,  for  size  or  sculpture,  but  rather  for  elegance  of 
form.  A.  prcecox ,  P.  (Fig.  2),  which,  together  with  the  closely- 
allied  A.  durus  and  sphaleromorphns,  belongs  to  this  section,  is 
one  of  the  first  to  greet  us  on  lawns  and  banks  in  the  spring, 
after  the  first  heavy  rains  of  April,  when  the  esculent  white- 
spored  A.  gambosus  forms  circles  in  our  fields.  The  species  is 
always  attractive,  not  only  on  this  account,  but  because  of  the 
ample  ring  which  is  marked  with  lines  in  consequence  of  the 
deposit  of  the  spores  and  the  white  stringy  mycelium.  A.  durus , 
a  closely- allied  autumnal  species,  is  known  by  its  spores  having 
a  decided  ferruginous  tint. 

In  the  second  section  we  have  numerous  representatives, 
and  certainly  some  of  the  most  handsome  and  striking  species 
in  the  genus. 

In  the  first  division  of  this  section  we  have  species  with 
brownish  olivaceous  or  clay-coloured,  but  not  brightly  ferru¬ 
ginous,  gills.  A.  radicosus  is  striking  for  its  size  and  spotted 
pileus,  but  more  especially  for  its  deeply-rooting  stem,  in  which 
respect,  though  not  in  others,  it  resembles  A.  radicatus.  A. 
pudicus,  Bull  (Fig.  3),  occurs  now  and  then  on  stumps  of  trees, 
especially  elder,  and  Mr.  Cooke  has  discovered  one  or  two 
closely-allied  species,  which,  like  A.  pudicus  and  some  others  of 
the  section,  do  not  extend  far  northwards.  Some  of  these  are 
esculent,  and  one  of  them  is  well  known  and  highly  valued  in 
Naples,  under  the  name  of  Piopparello.  It  is  called  Pioppino 
in  Tuscany,  but  is  not  held  in  such  high  repute. 

Our  more  common  species,  A.  pudicus,  never  occurs  in  suf¬ 
ficient  abundance  to  make  it  an  object  of  any  importance, 
though,  it  is  probable  not  unwholesome.  Passing  from  these, 
A.  aurivellus  and  sguarrosus ,  with  the  numerous  forms  of  the 
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latter,  are  often  very  striking,  and  especially  A.  squarrosus , 
which  sometimes  occurs  in  large  picturesque  groups  at  the  base 
of  ash  trees,  of  whose  speedy  decay  it  is  unfortunately  too  sure 
an  indication.  The  rich  colour,  densely  scaly  pileus  and  stem, 
and  beautiful  form,  render  it  a  very  striking  object. 

When,  however,  we  come  to  the  species  with  tawny  or 
purely  ferruginous  gills,  we  have  still  more  striking  objects. 
A.  spectabilis ,  formerly  known  as  A.  aureus,  when  well  grown, 
is  of  the  richest  golden  tawny,  and  as  remarkable  for  size  as  tint, 
while  A.  adiposus,  which  affects  the  trunks  of  old  beech-trees 
has  a  pileus  which  resembles  in  sculpture  and  colour  the  fruit 
of  the  richest  pine  apple.  A.  flammans  is  figured  in  its  young 
state  in  our  coloured  plate  which  appeared  with  No.  IY.  of 
these  notices,  and  is  confined  to  the  wood  of  Conifers. 

In  the  section  with  cinnamon-coloured  gills,  which  are  not 
yellow  in  an  early  stage  of  development,  we  have  A.  mutabilis 
and  marginatus ,  the  former  of  which,  as  the  name  implies,  is 
extremely  small.  The  former  is  sometimes  eaten  abroad  under 
the  name  of  Stockschwamm,  a  name  which  more  properly 
belongs  to  A .  melleus,  which  is  equally  detestable.  A  little 
group  still  remains,  not  in  the  least  allied  to  the  other  species, 
consisting  of  but  two  species,  which  would,  but  for  their  ring, 
be  inserted  amongst  the  Galerce ,  to  be  described  hereafter. 
A.  pumilus,  belonging  to  the  third  section,  is  a  pretty  little 
Agaric,  and  not  uncommon  on  moss  in  lawn. 

Hebeloma  (from  rjftr),  down  ;  and  Xwpa,  a  fringe),  corres¬ 
ponds  with  Tricholoma  in  the  want  of  a  distinct  ring,  in  the 
fleshy  pileus,  and  the  gills  being  situated  behind.  All  the  spe¬ 
cies  grow  on  the  ground,  and  were  for  the  most  part  originally 
combined  under  A.  fastibilis.  Some  of  the  species,  however, 
have  not  the  peculiar  odour  which  distinguishes  the  nearer 
allies  of  A.  fastibilis,  resembling  that  of  the  flowers  of  Gerasus 
Tauro-cerasus.  Most  of  them,  but  not  all,  are  destitute  of  a 
veil.  Some  of  them,  especially  A.  crustuliniformis,  form  enor¬ 
mous  rings  in  woods,  and  occur  in  the  utmost  profusion ;  and 
many  so  closely  resemble  each  other  in  outward  form  and 
colouring  that  their  determination  is  difficult,  and  the  species 
in  general  may  be  set  down  as  amongst  the  least  interesting, 
especially  as  there  is  not  one  of  them  which  is  esculent.  We 
have  chosen  as  our  illustration  A.  versipellis  (Fig.  4). 

Inocybe  (from  U,  a  fibre;  and  kv(3t],  a  head),  was  formerly 
joined  with  Hebeloma,  but  the  habit  is  so  different  that  it  has 
very  properly  been  separated  by  Fries.  While  the  Ilebelomata 
have  a  smooth,  moist,  or  somewhat  viscid  pileus,  clothed  with 
a  distinct  pellicle,  and  a  veil,  if  present,  distinct  from  the  pel¬ 
licle,  the  species  of  Inocybe  have  the  coat  of  the  pileus  silky 
or  fibrillose,  and  the  veil,  if  present,  continuous  with  the 
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coat.  In  tlie  former  the  spores  are  mostly  clay-coloured,  in 
the  latter  brown.  They  all  grow  on  the  ground,  and  abound 
in  woods,  being  mostly  rather  early  fungi.  As  in  the  former 
case,  they  do  not  comprise  a  single  esculent  species.  They  are 
divided  into  sections  according  to  the  nature  of  the  clothing  of 
the  pileus.  The  first  section  contains  those  which  have  the 
pileus  covered  with  rough  squarrose  scales  from  the  first,  and  a 
scaly  stem  of  the  same  colour.  The  species  are  rare  in  this 
country.  The  species  of  the  second  section  have  the  pileus  scaly, 
or  torn  into  loose  fibrils,  while  the  stem  is  paler  and  fibrillose. 
Amongst  these,  A.  pyriodorus  is  the  most  remarkable,  having 
a  scent  like  that  of  decaying  pears.  A.  obscurus  reminds  us  of 
some  of  the  blue-stemmed  Hyporhodii  by  the  violet  tint  on  the 
stem.  A.  flocculosus,  Berk.  (Fig.  5),  affords  an  illustration  of 
this  section.  The  species  are  not  always  easily  distinguished, 
but  in  this  and  the  following  section  there  is  a  character  in  the 
spores  of  some  species  to  which  Fries  has  not  adverted.  In 
general  they  are  quite  even,  but  in  other  cases  they  are  rough 
with  granules,  but  not  irregular  in  outline  as  in  so  many  Hypo¬ 
rhodii.  In  the  third  section,  which  is  distinguished  by  the 
pileus  being  longitudinally  rimose,  we  have  one  of  our  com¬ 
monest  Agarics  (A.  rimosus ),  which  occurs  everywhere.  Finally, 
there  is  a  section  with  a  smooth  disc,  but  a  silky,  or,  more 
rarely,  a  scaly  pileus,  and  a  smooth  white  stem,  which  is  fari¬ 
naceous  above.  A.  geophyllus  is  one  of  our  commonest  wood¬ 
land  species,  very  variable  in  colour,  and  sometimes  prettily 
tinted  with  violet  or  lilac.  A.  vatricosus,  which  I  have  found 
in  Wales,  generally  grows  about  the  trunks  of  trees,  and  looks 
like  a  viscid  Armillaria  when  young’. 

Our  next  subgenus  is  Flammula  (from  flammula,  a  little 
flame),  a  name  indicative  of  the  prevailing  colour.  It  contains 
many  beautiful  species,  but  poorly  represented  in  this  country. 
Indeed,  till  I  met  with  A.  sapineus ,  Fr.  (Fig.  G),  in  Aberdeen¬ 
shire,  there  was  scarcely  a  certain  representative  of  its  most 
beautiful  section.  They  are  known  by  the  carnoso-fibrous 
stem,  the  fleshy  pileus,  and  the  acutely  adnate  or  decurrent 
gills.  In  most  of  the  species  the  spores  are  -  of  a  bright  tint, 
inclining  more  or  less  to  tawny. 

In  the  first  section  the  cuticle  of  the  pileus  is  inseparable 
and  fibrillose.  In  the  second  the  pileus  is  viscid  when  moist, 
and  the  pellicle  more  or  less  separable.  To  this  section  belongs 
A.  lentus,  which  is  easily  known  from  one  or  two  analogous 
British  species  hy  its  viscid  pileus.  The  third  section  lias  not 
a  separable  cuticle,  though  the  pileus  is  moist  in  wet  weather. 
A.  flavidus  is  our  most  abundant  species,  resembling  in  colour 
A.  fascicularis,  but  distinguished  at  once  by  purely  ferruginous 
spores.  The  veil  adheres  in  patches  to  the  margin,  and  some- 
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FERRUGINOUS 

1.  Agancus  Arrhenii,  Er.  f  nat.  size. 

2.  praecox,  P.  §  nat.  size. 

~  pudicus,  Bull.  |  nat.  size. 

■  versipellis,  Fr.  ^  nat.  size. 

£-  -  flocculosus.  Bert.  Nat.  size. 


SPORED  AGARICS. 

6.  Agaricus  sapineus,  Fr.  Nat.  size 

7.  -  erinacens,  Fr.  Nat.  size. 

8.  -  ap alus.  Fr.  J  nat.  size. 

1'.  - -  cLepluens,  Batsch.  Nat.  size. 
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times,  though  rarely,  forms  a  ring.  In  the  fourth  section  the 
pileus  is  neither  pelliculose  nor  viscid,  and  is  broken  up  more 
or  less  into  scales  and  fibrils.  The  species  are  often  very  beau¬ 
tiful,  and  A.  sapineus ,  which  occurs  on  trunks,  chips,  and  saw¬ 
dust  in  Scotland,  is  certainly  one  of  our  most  beautiful  fungi, 
though  few  are  more  variable. 

Naucoria  (from  nauci,  of  little  value)  comprises  various 
species  agreeing  in  the  cartilaginous  stem,  ferruginous  spores, 
and  the  margin  of  the  pileus  being  at  first  incurved.  Some  of 
the  species  are  very  beautiful,  but  the  most  beautiful  have  not 
at  present  occurred  in  this  country,  though  some  of  our  indi¬ 
genous  kinds  are  very  interesting.  In  the  first  section,  which 
has  a  smooth  pileus  and  truly  ferruginous  spores,  one  of  the 
most  remarkable  is  A.  cucumis ,  which  has  a  peculiar  odour, 
which  is  thought  by  some  to  resemble  that  of  the  cucumber, 
while  others  think  that  it  is  like  that  of  some  fish,  and  has  in 
consequence  been  called  A.  pisciodorus.  A.  horizontalis  also  is 
an  interesting  species,  from  its  swarming  occasionally  over  the 
bark  of  living  trees,  after  the  fashion  of  the  white-spored 
A.  corticola.  In  these  species  the  gills  are  broad,  and  only 
slightly  adhered.  A.  melinoides ,  on  the  contrary,  which  belongs 
to  the  same  section,  and  is  one  of  our  commonest  species  on 
close-shaved  lawns,  has  truly  adnate  gills. 

The  second  section  has  brownish  spores,  like  some  of  the 
Pholiotce.  The  more  common  species  somewhat  resemble  in 
colour  the  smooth  Hebelomata,  and  amongst  them,  one  of  the 
most  generally  diffused  is  A.  semiorbicularis ,  which  occurs 
everywhere  in  pastures. 

The  third  section  has  a  flocculent  or  squamulose  pileus,  with 
a  definite  veil.  Here  again  we  have  more  ferruginous  spores. 
A.  furfur ccceus  is  perhaps  the  most  common  of  Agarics,  occur¬ 
ring  at  all  seasons,  and  almost  defying  frost  and  snow.  It 
assumes  multitudinous  forms,  but  under  all  is  known  by  the 
pileus  growing  pallid  when  dry.  A  few  have  the  pileus  innato- 
squamulose,  and  are  amongst  the  most  interesting  species, 
A.  erinaceus  (big.  7),  which  grows  on  fallen  twigs,  is  always  a 
welcome  object,  from  its  beauty  and  comparative  rarity,  and 
there  are  other  interesting  natives.  Nor  must  we  omit  A.  car- 
pophilus ,  a  little  species  which  occurs  on  beech  mast,  and  has 
the  pileus  rough  with  shining  atoms,  and  distant,  broad,  ven- 
tricose,  nearly  free  gills. 

Galera  (from  galera ,  a  conical  hat),  is  an  extremely  natural 
group,  characterized  by  ochraceo-ferruginous  spores,  and  the 
straight  margin  of  the  more  or  less  campanulate  pileus,  and 
is  strictly  analogous  to  Mycena  amongst  the  white-spored,  and 
Nolanea  amongst  the  rose-spored  Agarics. 

The  species  of  the  first  section,  with  a  viscid  pileus,  are 
YOL.  IX. — NO.  II.  II 
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represented  in  this  country  by  a  single  species,  A.  reticulatus , 
which  is,  however,  extremely  pretty,  though  small,  and  analo¬ 
gous  to  A.  phlebophorus  amongst  the  Hyporhodii .* 

In  the  second  section  the  gills  ascend  in  the  more  or  less 
conical  pileus.  Of  these  the  very  common  A.  tener  is  the  best 
representative,  as  it  is  not  only  typical,  but  is  found  every¬ 
where.  A.  apalus,  Ft.  (Fig.  8),  is  a  rare  native. 

In  a  third  section  the  gills  are  horizontal,  and  A.  hypnorum 
in  its  various  forms,  whether  on  green  mosses  or  sphagna,  is 
to  be  found  in  all  districts.  On  sphagnum  it  sometimes  acquires 
a  considerable  development.  The  spores  of  all  are  pretty 
objects  under  the  microscope,  from  the  purity  of  their  colour 
and  their  regular  outline. 

There  remains  only  Grepidotus  (from  tcpyirts,  a  shoe),  which, 
like  Fleur otuSj  is  distinguished  by  its  eccentric  pileus,  which 
in  extreme  cases  becomes  resupinate  in  consequence  of  the 
complete  obliteration  of  the  rudimentary  stem.  Very  rarely 
the  pileus  from  the  first  is  cup-shaped,  and  the  hymenium 
superior.  Two  or  three  of  the  species  have  pink  spores,  as 
A.  depluens,  -Bat sell  (Fig.  9),  and  varictbilis,  and  ought  certainly 
to  be  associated  with  the  FLyporhodii.  They  grow  either  on 
decayed  wood,  twigs,  etc.,  or  on  moss.  A.  depluens  occurs 
sometimes  with  a  distinct,  almost  central  stem.  I  am  not 
aware  whether  any  species  has  been  found  with  purple-black 

spores,  so  as  to  have  more  evident  relations  with  the  next 
series. 

Figures  1,  4,  and  8  are  copied  from  drawings  sent  to  me 
by  Fries. 


A.  aleuriaius  has  lately  occurred  in  Northamptonshire. 
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NOVEMBER. 

BY  A.  S.  HERSCHEL,  B.A. 

It  is  probably  very  seldom  that  a  large  meteor  passes  over  the 
islands  of  Great  Britain  without  some  particular  notice  of 
the  occurrence  being  made  in  one  or  other  of  the  many  public 
journals,  which  separately  and  collectively  chronicle  the  passing 
events  of  every  large  town  in  the  United  Kingdom.  It  is, 
however,  seldom  that  the  accounts  can  be  collected.  It  is  yet 
more  seldom  that  a  regular  channel  is  opened  to  the  details 
that  private  persons  are  often  well  able  to  furnish,  but  which, 
from  principles  of  sufficient  or  insufficient  reason,  they  either 
deem  it  unnecessary  to  record,  or  think  them  better  left  to 
professional  observers  to  supply.  It  is  thus  that  a  meteor  of 
the  largest  size,  on  the  21st  of  November,  1865,  shot  directly 
over  London,  which  was  probably  disregarded  by  many,  who 
would  ere  now  have  consigned  it  to  oblivion,  if  these  few 
remarks  should  not  have  the  good  fortune  to  recall  the  fact  of 
its  occurrence  to  their  memory. 

Among  the  published  accounts  of  the  fireball  of  the  21st 
of  November  last  was  a  description  of  the  meteor  by  Mr. 
Warren  De  la  Rue,  as  it  appeared  to  him  near  Cran¬ 
ford.  The  attention  drawn  by  so  great  a  name  as  that  of  the 
late  President  of  the  Royal  Astronomical  Society  to  the  cir¬ 
cumstance,  was  the  cause  that  several  private  accounts  of  the 
meteor  were  received  by  Mr.  Warren  De  la  Rue  from  observers 
in  all  parts,  to  whom  prompt  acknowledgments  were  returned 
for  the  interesting  details  which  they  describe.  I  have  selected 
from  the  documents  the  following  particulars.  A  comparison 
together  of  the  accounts,  at  the  same  time,  permits  the  real 
altitude,  position,  and  velocity  of  the  meteor  to  be  determined, 
at  least  approximately,  within  small  limits  of  error. 

The  height  of  the  meteor,  at  its  first  appearance,  is  deter¬ 
mined  from  six  independent  accounts,  each  of  which  was 
separately  compared  with  Mr.  Warren  De  la  Rueffi  original 
observation  of  the  meteor  at  Cranford  for  the  point  of  first 
appearance.  The  average  error  of  the  separate  accounts  is  seven 
British  statute  miles  above  or  below  the  true  mean  height,  which 
is  the  mean  of  all  the  separate  heights,  and  is  taken  as  the  height 
at  first  appearance.  The  height  at  disappearance  is  determined 
in  a  similar  manner,  from  the  same  six  accounts,  compared 
with  the  apparent  place  of  disappearance  of  the  meteor  as 
observed  at  Wimbledon  by  Mr.  F.  C.  Penrose.  The  average 
error  in  this  case  is,  as  in  the  former  case,  about  seven  miles 
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above  or  below  the  true  mean  height  at  disappearance.  When 
the  nature  of  the  phenomenon  is  considered,  and  particularly 
the  difficulty  of  fixing  the  exact  position  of  the  apparent  path 
of  the  meteor  by  the  several  observers,  it  is  not  surprising 
that  occasional  differences  should  exist  in  the  resulting  heights, 
but  rather  wonderful  that  such  good  observations  could  be 
made.  The  real  altitude  of  the  meteor  at  the  moment  of  dis¬ 
appearance  was  somewhat  greater  than  that  of  a  detonating 
fireball  (presently  to  be  mentioned),  on  the  11th  of  February, 
1850,  investigated  by  Mr.  Grlaisher,  which  disappeared  at  a 
height  of  nineteen  miles  above  Biggleswade,  in  Bedfordshire. 

The  meteor  of  the  21st  of  November,  1865,  traversed  the  entire 
length  of  the  valley  of  the  Thames,  a  distance  of  about  seventy- 
five  miles,  from  about  forty-one  miles  above  the  Nore  to  a  point 
about  twenty-seven  miles  above  the  earth's  surface,  in  the  neigh¬ 
bourhood  of  Henley-upon-Thames.  On  the  average  of  four  sepa¬ 
rate  accounts,  varying  between  four  and  ten  seconds,  the  time 
taken  by  the  meteor  to  travel  the  entire  distance  of  about 
seventy-five  miles  was  six  seconds  and  a-half.  On  this  esti¬ 
mate,  the  velocity  of  the  meteor  relatively  to  the  earth's 
surface  was  about  eleven  miles  per  second  j  and  the  direction 
of  its  flight  appears  to  have  been  from  a  part  of  the  heavens 
in  the  neighbourhood  of  the  constellation  Taurus ,  situated 
between  Taurus  and  the  head  of  Getus. 

The  distance  of  the  meteor  at  the  moment  of  its  disappear¬ 
ance  from  Wimbledon,  as  determined  by  the  accounts,  was 
about  thirty-six  miles.  At  Wimbledon  Mr.  Penrose  heard  a 
loud  report,  like  that  of  a  cannon  fired  off  at  the  distance  of 
some  miles,  distinct  enough  to  be  heard  very  plainly  by  more 
than  one  person  at  Wimbledon,  about  two  minutes  and  twenty 
seconds  after  the  meteor  had  disappeared.  Sound,  with  its 
ordinary  velocity  of  1090  feet  per  second  in  common  air, 
■would  take  two  minutes  and  fifty-four  seconds  to  travel  the 
above  distance,  determined  by  the  accounts,  from  the  point  of 
disappearance  of  the  meteor  to  Wimbledon.  Considering,  as 
before,  the  difficulty  of  fixing  the  exact  position  of  the  appa¬ 
rent  path  of  the  meteor  by  the  observers,  and  the  very 
approximate  nature  of  the  real  path  concluded  from  their  state¬ 
ments,  the  agreement  of  the  calculated  time  with  the  time 
observed  by  Mr.  Penrose  between  the  disappearance  of  the 
meteor  and  the  occurrence  of  the  sound  must  be  regarded  as 
extremely  close.  .  There  can  be  very  little  doubt,  from  Mr. 
i  enrose  s  description,  and  from  the  near  approach  of  the  fire¬ 
ball  to  the  earth  (twenty-seven  miles),  as  well  as  from  its  large 
size,  and  small  velocity,  that  the  meteor  wTas  in  reality  a  fireball 
of  the  detonating  class. 

Detonating  meteors  are  described  in  the  Dritish  Association 
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Deports  as  haying  been  observed  in  England  very  nearly  on 
the  same  date  of  the  year  as  that  of  the  21st  of  November 
last.  The  first  exploded  over  Norwich,  with  a  very  loud 
report,  on  the  19tli  of  November,  1861  ;  the  second  occurred 
on  the  20th  November,  1864.  Of  this  the  explosion  was  heard  at 
Hallaton,  in  Rutlandshire,  like  the  noise  of  distant  artillery, 
lasting  several  seconds.  Finally,  a  detonating  meteor  of 
unusual  size,  attended  by  a  very  violent  report,  described  by 
Kepler,  a  description  afterwards  repeated  by  Halley  in  the 
Philosophical  Transactions  for  the  year  1719  (p.  978),  which 
happened  in  Germany  on  the  17th  of  November,  1623  (N.S.), 
may  be  further  thought,  with  a  certain  probability,  to  belong 
to  the  same  zone  of  meteors  encompassing  the  sun.  As  the 
length  of  the  sidereal  year  exceeds  that  of  the  tropical  year 
by  just  one  day  in  seventy  years,  the  date  of  Kepler’s  meteor 
(nearly  two  centuries  and  a-half  ago)  would  coincide  with  the 
place  of  the  earth  in  its  orbit  at  the  present  time,  on  the  21st 
of  November — exactly  the  date  when  Mr.  Warren  He  la  Rue’s 
meteor  was  observed. 

The  apparent  coincidence  of  dates  in  such  rare  phenomena 
as  detonating  fireballs  is  exemplified  by  at  least  one  other 
remarkable  instance,  which  deserves  to  be  recorded.  A  bril¬ 
liant  detonating  fireball  was  observed  by  Brydone  on  the  10th 
of  February,  1772,  as  described  by  himself  in  the  Pliilosophical 
Transactions  for  the  following  year.  The  meteor  was  followed 
by  a  startling  report,  at  an  interval  of  at  least  four  minutes 
after  it  had  disappeared.  An  equally  brilliant  detonating 
meteor  was  seen  from  the  Royal  Observatory,  Greenwich,  by 
the  present  Astronomer  Royal,  Mr.  Airy,  on  the  11th  of 
February,  1850.  It  was  ascertained  by  Mr.  Glaisher  that  this 
meteor,  to  which  allusion  was  already  made  above,  as  one  of  the 
best-investigated  examples,  exploded  at  a  height  of  nineteen 
miles  above  Biggleswade,  in  Bedfordshire.  The  report  was 
heard  in  Oxfordshire,  and  in  the  neighbouring  counties  round, 
like  a  clap  of  thunder.  Finally,  an  exceedingly  large  detonating 
meteor,  of  which  full  accounts  appeared  in  the  local  papers  at 
the  time  of  its  occurrence,  appeared  last  year  at  Bangalore,  in 
Southern  India,  with  a  report  like  a  hundred  cannons,  on  the 
evening  of  the  9th  of  February,  1865. 

The  9 — 11th  of  February,  and  the  19 — 21st  of  November, 
are  dates  deserving  future  study,  with  the  special  view  of  deter¬ 
mining  the  direction  of  the  detonating  meteors.  At  present 
the  frequent  return  of  detonating  meteors  on  those  dates  plainly 
indicate  the  fact  that  these  bodies,  like  the  acknowledged  star- 
showers  of  August  and  November,  revolve  in  fixed  orbits  round 
the  sun. 
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NOTES  ON  OUR  COMMON  INDIAN  BIRDS.* 

BY  E.  C.  BE  A  VAN,  LIEUT., 

Bengal  Revenue  Survey. 

Although  in  India  we  are  not  enlivened  by  tbe  melodious 
whistling  of  tbe  thrush,  the  cawing  of  rooks,  or  the  pleasing 
song  and  sprightly  ways  of  our  old  friend  the  robin,  yet  there 
are  many  birds  around  us  which  attract  our  notice  every  hour 
of  the  day,  and  which,  although  if  not  so  dear  to  us  from  old 
associations,  as  are  the  birds  of  England,  are  nevertheless 
equally  capable  of  being  petted  and  domesticated,  and  of  the 
greatest  interest  to  all  who  take  a  delight  in  the  ways  of  the 
feathered  creation. 

Even  the  well-remembered  sparrow,  inhabitant  as  he 
appears  to  be  in  England  of  a  somewhat  cold  climate,  for  which 
he  seems  peculiarly  fitted,  is  here  found,  if  not  represented,  by 
actually  the  same  species — by  one!  so  near  to  it,  in  every¬ 
thing  except  size  (and  the  difference  in  that  is  but  slight),  that 
most  observers  could  not,  without  actual  comparison,  distin¬ 
guish  between  the  two.  Whilst  this  species  here  occupies  the 
plains  only,  in  the  hills  it  is  replaced  by  another  English  bird, 
the  mountain  or  tree-sparrow,  Passer  montanus ,  Linn.,  which 
is  the  common  species  in  the  Himalayas,  building  there  under 
roofs  of  verandahs  and  houses.  Although  the  robin  has  no 
representative  here  of  his  own  immediate  kin,  which,  like  him, 
is  seen  continually  associated  with  man,  yet  in  his  place  we  have 
the  mynas,  a  group  of  birds  belonging  to  the  starling  family, 
of  which  two  species,  the  common  brown  myna,  Acridotheres 
tristis,  Linn.,  and  the  pied  starling,  Sturnopastor  contra,  Linn., 
are  so  extremely  common  in  Lower  Bengal,  that  hardly  a  tree 
can  be  passed  which  does  not  harbour  some,  or  a  few  minutes 
spent  near  one's  door  without  several  being  seen.  Like  the 
thrushes,  they  seek  nearly  all  their  food  on  the  ground  •  which, 
however,  instead  of  worms  and  snails,  consists  of  grasshoppers 
and  crickets,  the  staple  insect  food  of  birds  in  India.  Another 
peculiarity,  too,  which  one  observes  between  them  and  the 
thrushes  is,  that  whereas  the  latter  hop,  the  mynas,  as  a  rule, 
ivalk,  only  giving  an  occasional  hop  when  they  are  in  a  hurry. 
The  scientific  name,  Acridotheres,  given  to  the  genus,  and 
derivable  from  a/cpt?,  grasshopper,"  and  07)pa,  “a hunt," 
describes  accurately  its  habits,  for  it  is  essentially  a  (C  grass- 

*  The  birds  treated  of  in  this  paper  are  the  commoner  ones,  found  in  the 
neighbourhood  of  Calcutta. 

t  P.  indicus,  Jard,  and  Selby. 
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hopper-hunter,”  and  indeed  feeds  on  little  else.  A  pair  of 
them  ( A .  tristis )  may  be  seen  gravely  walking  near  each  other 
on  the  grass,  their  heads  moving  back  at  every  step  with  a 
peculiarly  graceful  motion,  and  putting  up  the  grasshoppers  in 
front  of  them,  as  a  sportsman  would  walk  up  birds  in  a  turnip 
field,  but  with  the  difference  that  the  myna  seldom  fails  to  bag 
his  victim,  which  is  seized  as  it  rises  by  a  quick  forward 
motion. 

The  brown  myna  is  a  favourite  cage-bird  with  the  natives, 
soon  becoming  tame  and  familiar,  and  is  much  prized  for  ifcs 
powers  of  talking  and  mimicry.  Though  it  cannot  be  said  to 
have  a  song,  its  notes  are  very  cheerful  and  pleasing ;  and 
often,  too,  it  attempts  a  kind  of  whistling  strain,  but  the  effort 
is  not  continuously  kept  up. 

J erdon  says  of  it* — “  It  is  one  of  the  commonest  birds  in 
the  country,  affecting  towns,  villages,  and  the  neighbourhood 
of  man,  rather  than  the  jungles  •/’  and  describes  it  as  a  house¬ 
hold  bird,  breeding  almost  exclusively  in  nooks  and  eaves  of 
houses,  under  the  roofs,  in  holes  in  walls,  or  in  pots  hung  out 
for  that  purpose  by  the  natives/5  It  displays  no  fear  in  taking 
up  its  abode  in  these  earthenware  pots,  and  does  not  seem  to 
be  at  all  aware  that  by  nesting  in  them,  it  devotes  its  young  to 
a  life  of  caged  captivity. 

This  species  has  a  much  wider  distribution  over  the  country 
than  its  congener,  the  pied  starling,  whose  range  is  limited. 
I  believe  that  the  locality  of  the  nest  is  the  only  sure  test  in 
cases  of  doubt  between  the  eggs  of  these  two  species,  since  I 
have  never  found  the  pied  starling  to  build,  except  in  trees. 
The  egg s  of  both  are  exactly  alike  in  all  respects,  of  a  pale 
blue  colour,  similar  to  those  of  the  English  starling. 

The  pied  starling  has  much  the  same  habits  as  the  brown 
myna,  and  is  equally  common,  but  it  seems  to  be  rather  more 
gregarious,  and  several  pairs  will  build  near  each  other  in  the 
same  tree,  constructing  large  domed  nests  of  loose-looking 
materials,  in  the  most  conspicuous  places. 

The  common  kite  of  India,  Milvus  govinda  (Sykes),  deserves 
special  notice,  as  being  so  abundant  everywhere,  and  con¬ 
tributing  in  no  small  degree  by  the  immediate  removal,  in 
conjunction  with  the  crows,  of  every  scrap  of  offal,  to  the  pre¬ 
vention  of  the  noisome  diseases  liable  to  arise  from  a  tainted 
atmosphere  in  a  tropical  climate. 

Near  Calcutta,  and  other  large  towns,  the  kite  cannot  be 
termed  a  bird  of  prey,  since  he  lives  entirely  on  garbage ;  but 
away  in  the  jungles,  where  he  is  also  found  sparingly,  he  has 
no  doubt  to  resort  to  the.  original  prey  of  the  rap  tores.  The  great 
scavengers  amongst  birds  in  India  are,  of  course,  the  vultures, 

#  Jerdon’s  Birds  of  India,  vol.  ii.  part  i.  p.  325. 
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but  they  do  not  condescend  to  come  down  from  aloft  to  any¬ 
thing  smaller  than  a  carcase,  but  leave  the  odds  and  ends  to  the 
kites  and  crows,  who  clear  up  everything,  and  by  numbers  fully 
make  up  for  what  they '  lack  in  size.  The  vast  numbers  and 
fearlessness  of  the  kites  are  among  the  first  objects  that  strike 
the  stranger  from  England,  where  birds  of  prey  are  so  rare. 
And,  to  quote  J erdon  again* — C(  When  a  basket  of  refuse  or 
offal  is  thrown  out  into  the  streets  to  be  carted  away,  the  kites 
of  the  immediate  neighbourhood,  who  appear  to  be  quite 
cognizant  of  the  usual  time  at  which  this  is  done,  are  all  on 
the  look-out,  and  dash  down  on  it  impetuously,  some  of  them 
seizing  the  most  tempting  morsels  by  a  rapid  swoop,  others 
deliberately  sitting  down  on  the  heaps  along  with  crows  and 
dogs,  and  selecting  their  scraps.  On  such  an  occasion,  too, 
there  is  many  a  struggle  to  retain  a  larger  fragment  than  usual, 
for  the  possessor  no  sooner  emerges  from  its  swoop,  than  several 
empty-clawed  spectators  instantly  pursue  it  eagerly,  till  the 
owner  finds  the  chase  too  hot,  and  drops  the  bone  of  contention, 
which  is  generally  picked  up  long  before  it  reaches  the  ground, 
again  and  again  to  change  owners,  and  perhaps  finally  revert 
tcy  its  original  proprietor.  On  such  occasions  there  is  a  con¬ 
siderable  amount  of  squealing  going  onA  This  cry  is  a  pro¬ 
longed  tremulous  squeal,  more  felino ,  and  gives  the  native 
name  of  “  Cheel to  the  bird.  These  birds  are  partially  migra¬ 
tory,  for  Blyth  has  noticed  that  a  large  number  leave  Calcutta 
for  some  months  during  the  rains. 

Of  all  birds,  whether  English  or  Indian,  in  point  of  cunning, 
acuteness,  and  general  intelligence,  our  crow,  Corvus  splendens 
(Viellot),the  grey-necked  crow  of  some,  in  my  opinion,  surpasses 
all.  Omnivorous  in  his  diet,  he  knows,  as  well  as  you  do,  the 
exact  hour  for  meals,  and,  truly  living  on  the  crumbs  that  fall 
from  your  table,  he  is  patiently  waiting  on  a  tree  outside  your 
door,  until  he  sees  the  first  dish  go  in,  when  he  gives  a  pecu¬ 
liar  caw  as  a  signal,  and  on  its  return  from  the  table  there 
are  at  least  twenty  eager  visitors  awaiting  its  reappear¬ 
ance,  where,  five  minutes  before,  but  a  solitary  bird  was  to 
be  seen.  When  the  fragments  are  thrown  out  from  the 
cook-house,  ever  on  the  alert,  with  one  eye  on  the  cook, 
and  the  oteer  on  the  coveted  morsel,  down  pounces  our 
crow,  and  hopping  up,  generally  sideways,  when  he  sees  the 
coast  is  quite  clear,,  suddenly  seizes  a  fragment,  and  is  off  with 
it  to  the  neighbouring  tree.  His  example  is  speedily  followed 
y  the  1  est,  but  all  observe  extreme  caution  in  their  approaches, 
un  u  the  whole  of  the  booty  having  been  disposed  of,  they 
ei  er  visit  your  next  door  neighbour  who  happens  to  break  - 
as  a  little  later  than  you  do,  or  if  in  the  afternoon,  about  four 
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o’clock,  betake  themselves  in  company  to  the  nearest  tank, 
and  thoroughly  enjoy  the  luxury  of  a  bath. 

These  birds  must  rank  very  near  the  jackdaws,  I  should 
think,  forming,  perhaps,  an  intermediate  link  between  them 
and  the  true  carrion  crows,  of  which  latter  our  Indian  repre¬ 
sentative,  C.  culminatus ,  is  tolerably  plentiful  everywhere, 
generally  in  twos  or  threes. 

The  common  crow,  C.  splendens,  is  one  of  the  most  difficult 
birds  there  are  to  entrap,  or  take  in  in  any  way ;  they  appear 
up  to  every  gesture  and  movement,  and  are  so  suspicious,  that 
one  would  naturally  suppose  that  their  generation  had  habitu¬ 
ally  been  subjected  to  severe  persecution.  But  such  is  far 
from  being  the  case ;  no  one  ever  thinks  of  molesting  them,  since 
they  are  so  extremely  useful  in  a  sanitary  capacity.  Their 
great  abundance  in  every  station  in  the  country  is  a  proof  of 
the  protection  they  receive.  Birds  get  in  India  less  persecu¬ 
tion  from  the  human  race  than  perhaps  in  most  other  countries 
not  similarly  constituted.  The  majority  of  the  population 
being  Hindoos,  have  an  aversion  to  taking  life,  and  the  Moham¬ 
medans  will  not  eat  anything  that  has  not  had  its  throat  cut 
whilst  alive ;  so  that  their  chances  of  getting  a  dinner  with  a 
gun  would  be  but  small. 

I  need  only  give  one  more  instance  of  the  sharpness  of  the 
common  crow.  Being  in  want  of  some  as  specimens,  I  made 
a  bargain  with  a  man  to  shoot  me  forty,  for  which  he  was  to 
be  remunerated  at  the  high  rate  of  four  annas  (sixpence)  a-piece. 
The  first  fifteen  or  so  were  procured  in  a  few  days,  then  a  long 
interval  elapsed,  and  no  more  were  forthcoming,  until  at  last 
the  man  in  despair  came  and  said  he  was  very  sorry,  but  that 
he  really  could  not  get  near  another  bird.  He  had  been  out 
nearly  the  whole  of  that  day  trying  to  stalk  them,  and  although 
they  were  very  plentiful,  they  w'ould  not,  do  what  he  would, 
allow  him  to  come  within  shot,  and  yet  just  beyond  the  range 
of  his  gun,  they  would  come  down  and  eat  the  rice  thrown  out, 
as  if  nothing  were  the  matter. 

To  conclude,  I  take  the  following  extract  from  Jerdon*  : — 
“  So  well  known  is  the  process  of  cooking,  that  a  small  fire,  or 
rather  its  attendant  smoke  even,  in  some  unusual  spot,  far 
away  from  their  daily  haunt,  will  at  once  attract  one  or  two 
hungry  crows,  who,  if  the  symptoms  of  food  are  favourable, 
remain  for  the  expected  leavings.  In  the  intervals  between 
the  meals  of  mankind,  some  betake  themselves,  early  in  the 
morning,  to  some  plain  that  has  perhaps  been  flooded,  to  pick 
up  a  crab,  frog,  fish,  or  insect ;  others  hunt  for  grubs  in 
ploughed  lands,  or  in  pastures,  along  with  cattle;  and  others 
may  be  seen  ridding  cattle  of  the  ticks,  or  other  insects  that 
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infest  them ;  some  betake  themselves  to  the  side  of  a  river  or 
tank ;  a  few  in  the  vicinity  of  larger  river s,  or  creeks,  follow 
vessels,  and  hunt  with  the  gulls  and  terns ;  and  not  a  few 
about  Calcutta,  and  other  large  cities,  find  a  plentiful  repast 
on  the  corpse  of  some  dead  Hindoo,  or  on  that  of  a  dead 

bullock . They  generally  build  in  trees,  making  a 

moderate  fabric  of  sticks,  occasionally  thinly  lined  with  some 
soft  materials.  An  instance  is  recorded  by  Mr.  Blyth  where  a 
pair  of  crows  in  Calcutta  had  built  their  nest  of  the  wires  taken 
off  from  soda-water  bottles,  which  must  have  been  purloined 
from  some  native  slop- seller.  The  eggs  are  usually  four  in 
number,  of  a  greenish  blue,  spotted  and  blotched  in  various 
degrees  with  brownA 

The  next  commonest  of  our  permanent  residents  are  the 
king*  crows,  or  drougo  shrikes,  which  are  not  represented  in 
England  by  anything  nearer  than  the  true  shrikes,  and  which 
Jerdon  truly  calls  “  a  most  characteristic  feature  of  Indian 
ornithology,  for  go  where  you  will  you  are  sure  to  see  one  or  more 
of  the  genusA*  The  common  species  is  Dicrurus  macrocercus 
(Viellot),  better  known  by  the  name  of  the  king  crow,  from  his 
habit  of  pursuing  crows  and  kites,  at  all  seasons  more  or  less, 
but  with  increased  vigour  in  nesting  time.  He  is  a  handsome 
bird,  about  the  size  of  the  English  blackbird,  and  of  the  same 
colour,  but  with  a  long  tail ;  and  like  other  fly- catchers,  lives 
entirely  on  insect  food,  of  which  white  ants  in  their  winged 
state  form  not  a  small  portion. 

It  generally  perches  in  some  commanding  position,  whence 
it  can  get  a  good  look-out  all  round,  and  on  perceiving  an 
insect  will  dart  down  at  it,  and  then  return  to  its  post.  Among 
other  spots,  it  seems  to  like  sitting  on  the  backs  of  cattle, 
which,  as  they  move,  disturb  the  grasshoppers,  which  the 
king  crow  soon  picks  up.  Jerdon  says  it  generally  seizes  its 
insect  prey  on  the  ground,  or  whips  one  off  a  stalk  of  grain, 
frequently  catching  one  in  the  air;  but  I  have  never  heard  an 
instance  of  its  impaling  insects  on  thorns  as  done  by  other 
shrikes. 

Mr.  Phillips  relates  a  curious  instance  of  sagacity,  or 
reasoning,  in  this  bird.  Another  bird  was  pursuing  a  large 
locust  which  the  king  crow  coveted,  but  apparently  did  not 
dare  to  seize,  when  he  suddenly  uttered  his  cry  of  alarm,  be¬ 
tokening  the  presence  of  some  bird  of  prey ;  the  original  pur¬ 
suer  of  the  insect  quitted  the  chase,  and  the  king  crow  carried 
off  the  locust  as  his  lawful  booty. f 

(To  be  continued .) 
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THE  NEWTON  STONE  * 

A  remark  upon  this  stone  we  made  under  the  head  of  “  Archaeo- 
logia,”  in  our  January  number,  brought  us  first  an  expostulatory 
letter  from  Dr.  Moore,  the  author  of  the  book  of  which  we  give 
the  title  below,  and  subsequently  a  copy  of  the  book  for  review. 
We  gladly  take  the  opportunity  of  explaining  a  little  more 
fully  the  real  character  of  a  monument  which  has  given  rise  to 
such  singular  vagaries  among  learned  men. 

Archaeologists  are  well  acquainted  with  a  class  of  inscribed 
stones  which  are  found  scattered  through  the  Celtic  districts  of 
England.  They  are  sepulchral  monuments,  which  have  been 
usually  placed  in  the  position  of  upright  pillars,  and  bear  inscrip¬ 
tions  in  Latin,  commemorative  of  the  personage,  no  doubt  a  man 
of  some  importance,  whose  place  of  burial  they  were  intended  to 
mark.  They  range  probably  from  the  fifth  or  sixth  to  about 
the  eighth  century,  after  Christ,  or  perhaps  somewhat  later. 
These  stones  are  most  abundant  in  Wales,  or  perhaps  we  ought 
to  say,  that  in  that  part  of  the  island  more  of  them 
have  been  preserved,  and  they  have  been  more  carefully 
looked  up.  Many  have  been  described  and  explained 
in  the  volumes  of  the  Archceologia  Cambrensis ,  by  the 
experienced  pens  of  Professor  Westwood  and  the  Lev.  H. 
Longueville  Jones,  to  whose  papers  on  the  subject  we  can 
recommend  our  readers  for  further  information.  They  are 
found  in  Cornwall  precisely  similar  in  character  to  those  found 
in  Wales,  and  at  least  one  example  will  be  found  in  the 
Archceologia  Cambrensis ,  just  referred  to.  They  are  found  also 
in  Scotland,  for  no  one  acquainted  with  the  subject  can  doubt 
that  the  Newton  Stone  belongs  to  this  class. 

The  inscription,  as  we  have  already  stated,  is  in  Latin,  and 
is  usually  brief,  giving  the  name  of  the  deceased  and  of  his 
father,  and  sometimes  of  some  other  relative,  and  in  one  or  two 
instances  describing  his  condition  or  dignity,  and  it  has  usually 
at  beginning  or  end  the  formula,  HIC  IACIT,  instead  of  hie 
jacet — the  men  acquainted  with  letters  at  that  time  having 
apparently  confounded  jaceo  with  jacio.  Another  remark¬ 
able  peculiarity  of  these  monuments  is,  that  many  of  them 
bear  a  secondary  inscription  along  the  edge  of  the  stone, 
in  what  are  called  Ogham  characters,  which,  when  it  has 
been  interpreted,  is  found  to  be  merely  a  repetition  of 
the  Latin  inscription,  with  the  names  given  often  in  their 
more  purely  Celtic  form.  Now,  there  are  strong  reasons 

*  Ancient  Pillar  Stones  of  Scotland  :  their  Significance  and  Pearing  on 
Ethnology.  By  George  Moore,  M.D.,  M.R.C.P.  Bond.,  etc.  8vo.  Edinburgh  : 
Edmonstone  and  Douglas. 
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for  believing  that  the  Ogham  characters  themselves  are 
not  of  very  remote  antiquity.  They  do  not  belong  to  what  is 
properly  called  an  alphabet,  but  to  a  system  of  cypher ;  and 
they  are  not  letters,  but  arbitrary  symbols  to  represent  letters. 
In  the  earlier  centuries  of  the  mediaeval  Church  in  the  West 
such  cyphers  were  favourite  exercises  of  monkish  ingenuity, 
and  rather  numerous  and  very  various  systems  are  found  in 
mediaeval  manuscripts.  The  Oghams  were  very  probably 
invented  by  the  early  Celtic  monks,  and  originated,  perhaps,  in 
Ireland,  which  would  explain  how  they  would  be  communicated 
to  Yd  ales,  Scotland,  and  Cornwall,  the  early  ecclesiastics  of  which 
were  in  close  intercourse  with  the  Irish  Church.  In  this  respect, 
it  is  a  significant  fact  that  the  inscription  on  the  Newton  Stone 
is  accompanied  with  an  Ogham  inscription  arranged  along  the 
edge  exactly  in  the  same  manner  as  on  the  inscribed  stones  in 
W ales.  F or  comparison  we  may  refer  to  the  examples  engraved 
in  the  Archceologia  Cambrensis,  third  series,  vols.  i.  p.  8;  vi. 
pp.  134,  225,  314;  vii.  pp.  43,  138;  viii.  pp.  54,  137. 

The  Latin  inscription,  especially  in  the  shorter  and  perhaps 
the  earlier  ones,  is  sometimes  written  in  bold  Roman  letters, 
only  a  little  debased,  and  it  is  then  easy,  or,  at  least,  not  diffi¬ 
cult,  to  read.  The  letters,  howeArer,  though  still  Roman,  are 
often  very  debased  in  character,  a  mixture  of  capitals  and 
minuscles,  and  sometimes  rather  fanciful  forms,  some  of  them 
made  from  the  Roman  ligated  letters,  which  render  them  very 
difficult  to  decipher.  One  of  the  Welsh  examples  Professor 
Westwood  himself  was  unable  to  read  ( Archceologia  Cambrensis , 
third  series,  vol.  ix.  p.  258).  As  might  be  expected,  the  popu¬ 
lation  of  Scotland  was  probably  at  this  time  far  more  illiterate 
than  that  cf  Wales,  or  that  of  Cornwall — pictorial  art  was  more 
in  accordance  with  the  popular  taste  than  letters* — and  hence 
we  have  the  Roman  characters  ruder  and  more  debased, 
and  it  would  no  doubt  take  a  considerable  amount  of  careful 
study  to  arrive  at  the  correct  reading  of  the  inscription  on  the 
Newt  on  Stone.  The  difficulty  in  reading  these  inscriptions  is 
increased  by  the  circumstance  that  they  contain  early  forms  of 
Celtic  names  with  which  we  are  not  well  acquainted.  Among 
the  Welsh  inscriptions,  however,  we  can  already  see  traces  of 
the  forms  which  appear  in  the  Newton  inscription ;  see,  for 
example,  in  the  Archceologia  Cambrensis ,  the  inscriptions  in 
vol.  vi.  pp.  224  and  225,  and  vol.  viii.  p.  220. 

*  We  feel  satisfied  that  no  sound  and  experienced  archaeologist  can  look  over 
the  plates  of  Stuarts  Sculptured  Stores  of  Scotland  without  being  convinced  that 
they  all  belong  to  the  Christian  period.  The  forms  which  occur  without  any 
direct  indication  of  their  date — as,  for  instance,  on  the  Logie  Stone — are  all  found 
elsewhere  on  monumental  crosses.  Dr.  Moore,  instead  of  accepting  the  obvious 
inference  that  the  figures  themselves  were  made  by  Christians,  considers  this  to 
be  a  proof  that  the  early  Christians  of  Scotland  were  tainted  with  Buddhism. 
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It  is  this  difficulty  in  reading*  the  Newton  inscription,  com¬ 
bined  with  an  entire  want  of  knowledge  of  the  class  of  monu- 
ments  to  which  it  belongs,  which  has  furnished  some  imaginative 
philologists  with  the  ground  for  some  rather  extraordinary 
theories.  First,  as  far  as  we  know,  came  the  late  Dr.  Mill, 
the  well-known  Sanscrit  scholar,  who  read  it  backwards,  and 
found  out  that  it  was  Phoenician.  According  to  Dr.  Milks 
elaborate  explanation,  this  stone  commemorated,  if  we  remem¬ 
ber  right,  the  escape  from  shipwreck  of  a  high  magistrate  of 
the  city  of  Tyre,  while  on  a  voyage  to  the  north  of  Scotland. 
This  interpretation  was  read  in  section  E,  at  the  meeting  of  the 
British  Association  in  Cambridge,  in  1 862,  on  which  occasion  a 
cast  of  the  stone  was  exhibited,  as  well  as  a  copy  of  the  inscrip¬ 
tion  made  for  Dr.  Milks  essay.  A  few  archaeologists,  ac¬ 
quainted  with  similar  Welsh  and  Cornish  monuments,  who 
were  present,  recognized  the  true  character  of  the  Newton 
Stone  at  once,  and  it  was  shown  that  it  was  written  in  debased 
Eoman  characters.  It  is  easy,  indeed,  to  see  that  the  first- 
letters  have  been  lost  by  a  chipping*  of  the  stone.  These  letters 
no  doubt  were  HIC,  and  a  following  I,  and  the  first  limb  of  an  A, 
■what  now  remains  being  the  second  limb  of  the  A,  and  the  letters 
C,  I,  T.  The  wdiole  was  originally  HIC  IACIT,  exactly  the 
form,  of  the  latter  word  which  is  found  in  the  other  inscrip¬ 
tions  on  this  class  of  monuments.  The  second  line,  as  it  stands 
at  present,  is  clearly  meant  for  CONSTANTIN  VS  or  CON¬ 
ST  ANTIVS,  probably  the  former.  This  was  rather  a  favourite 
name  among  the  Celtic  population  of  Britain  after  the  Roman 
period,  from  the  circumstance  that  the  Roman  emperors  of 
this  name  were  looked  upon  as  especially  connected  with  our 
island,  and  that  the  mass  of  the  coinage  then  in  circulation 
was  that  of  the  Constantine  family  or  imitations  of  it.  The 
rest  of  the  inscription  is  very  difficult  to  decipher,  but  in  the 
fourth  line  we  seem  to  trace  tolerably  satisfactorily  the  word 
FILIVS,  and  the  fifth  line  ends  with  an  I,  which  appears  to 
be  the  termination  of  a  proper  name  in  the  genitive  case,  per¬ 
haps  the  name  of  the  father  of  Constantinus. 

To  judge  by  the  photograph  given  by  Dr.  Moore,  the 
inscription  appears  to  have  been  tampered  with  since  the  cast 
was  exhibited  at  Cambridge,  and  thus  rendered  more  diffi¬ 
cult  ;  by  the  expression  “  tampered  with”  we  mean  that 
somebody,  to  render  it  possible  to  take  the  letters  more 
perfect  by  the  process  of  photography,  appears  to  have 
painted  them  white.  Everybody  knows  how  difficult  it  is  to 
obtain  a  satisfactory  photograph  of  such  an  inscription, 
when,  as  in  the  present  case,  the  surface  of  the  stone,  through 
length  of  time,  has  been  much  corroded,  and  the  outlines  of 
the  letters  are  not  always  very  distinct.  It  will  be  seen  at  once 
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that  the  outlines  of  letters  painted  under  such  circumstances 
must  be  those  of  the  painter,  and  not  those  of  the  stone. 

Dr.  Moore  rejects  the  interpretation  of  Dr.  Mill,  and  em¬ 
ploys  the  volume  before  us  to  develope  a  new  interpretation  of 
his  own,  on  the  assumption  that  the  language  in  which  it  is 
written  is  what  he  terms  “  Arian'’;  and  his  theory  is,  as  we 
understand  it,  that  at  that  remote  period,  when  the  whole  Arian 
family  was  still  only  one  people  located  in  a  spot  in  Central 
Asia,  where  it  spoke  the  primaeval  Arian  language,from  which  all 
the  modern  languages  of  the  different  branches  of  this  family  are 
derived,  Arian  missionaries  made  their  way  across  the  continents 
of  Asia  and  Europe  to  plant  in  the  north  of  Scotland  this 
monument  of  pure  Buddhism,  which  they  are  supposed  to  have 
established  there.  Dr.  Milks  theory  of  the  Tyrian  magistrate 
visiting  Scotland,  though  not  probable,  is  perhaps  just  within 
the  limits  of  possibility,  but  we  can  hardly  say  the  same  of  the 
story  of  Buddhist  missionaries  making  the  still  longer  journey 
overland  !  The  Arian  is  an  assumed  and  not  a  known  language  ; 
and  in  the  way  in  which  Dr.  Moore  manufactures  lr  by  a  mixture 
of  words  taken  from  Sanscrit  and  other  tongues,  known  and 
unknown,  we  may  make  any  sort  of  a  language,  to  which  we  may 
give  any  name  we  like.  It  is  too  much  like  that  old  exploded 
style  of  philological  investigation,  which  was  so  cleverly  ridi¬ 
culed  by  Swift,  when  he  showed  that  the  English  was  the 
primitive  tongue,  by  resolving  Alexander  the  Great  into 
AU-eggs-under-the-grate,  Archimedes  into  Hark-ye-maids, 
and  the  like.  We  believe  that  ten  men  like  Dr.  Mill  and 
Dr.  Moore  might  make  ten  different  languages  to  interpretate 
in  as  many  different  ways  the  inscription  of  the  Newton 
Stone,  and  all  equally  be  satisfactorily.  Whatever  the  Arian 
language  was,  it  has  taken  many  vast  nations  of  people 
many  centuries  under  the  influence  of  organic  laws  to  pro¬ 
duce  the  various  known  derivatives  from  it ;  and  does  Dr. 
Moore  think  that  one  man  in  a  small  portion  of  his  life 
could  reconstruct  the  unknown  primitive  language  out  of  its 
remote  derivatives,  so  as  to  appty  it  with  accuracy  to  a  short 
inscription  like  this  ?  It  is  more  than  our  belief  that  the 
language  of  Dr.  Moore's  reading  of  the  Newton  Stone  is  one 
which  never  existed,  and  we  are  sorry  to  be  obliged  to  regard 
his  book,  however  ingenious,  as  only  another  monument  of  mis¬ 
taken  ingenuity  and  industry.  T.  W. 
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RAMBLES  IN  CORNWALL  FOR  MINERALS  AND 

FERNS. 

BY  BERNARD  HENRY  WOODWARD. 

How  are  yon  going  to  spend  yonr  holidays  ?  Do  you  wish  to 
see  fine  scenery,  to  make  sketches,  to  collect  geological  or 
botanical  specimens,  or  are  you  an  antiquary  ? 

For  to  a  lover  of  any  one  or  all  of  these  pursuits  a  trip  to 
“  West  Barbary”  will  give  him  his  heart’s  desire.  Nor  need 
you  cross  the  sea  to  visit  this  terra  incognita ,  for  it  is  the  land 
from  which  our  heir-apparent  derives  his  greatest  revenue — - 
in  fact,  it  is  the  appellation  given  to  the  Duchy  of  Cornwall 
by  the  inhabitants  of  the  lovely  sister  county  of  Devonshire. 

A  kind  invitation  from  an  excellent  Cornishman  (Mr. 
Tailing),  a  resident  of  Lostwithiel,  determined  us  to  make  that 
place  our  head- quarters  for  a  few  days,  and  of  all  the  localities 
we  visited,  none  had  greater  attractions  ;  for  the  surrounding 
country  in  whichever  direction  you  go,  is  extremely  beautiful. 
Situated  about  a  mile  to  the  north,  on  a  high  hill,  stands  the 
venerable  castle  of  Restormel,  which  we  visited  on  the  first 
day.  It  was  built  before  the  time  of  William  the  Conqueror, 
but  is  now  in  ruins,  and  the  walls  are  completely  enveloped  in 
ivy.  On  the  road,  which  runs  along  between  the  hills  and  the 
river  Fowey,  we  found  the  “male  fern,”  Lastrea  filix-mas  ;  the 
“  broad  fern,”  L.  dilatata  ;  the  “  lady  fern  Athyrium  filiw- 
foemina;  the  “hard  fern,”  JBlechnum  bore  ale  or  spirant ;  and 
the  “  harks  tongue,”  8 colop endrium  vulgare.  The  latter  was 
growing  luxuriantly  in  the  damp  castle  dungeons,  while  on 
the  walls  were  the  “  common  maiden  hair,”  Asplenium  tricho- 
manes ;  and  the  Polypody,  Polypodium  vulgare.  In  the  Bath 
woods  on  the  opposite  side  of  the  river,  which  is  here  crossed 
by  a  rustic  bridge,  we  found  the  “  royal  fern,”  Osmunda  regalis  ; 
and  the  L.  dilatata,  and  A.  filix-fcemina,  both  more  than 
five  feet  high,  and  the  Plechnum,  with  the  fertile  fronds  over 
two  feet.  On  our  way  back,  we  followed  the  footpath  along 
the  top  of  the  hills.  From  the  Terres  Hill  there  is  a  charm¬ 
ing  view,  the  quiet  little  town  (or  “  city,”  as  the  inhabitants 
designate  it)  of  Lostwithiel  lies  below,  with  the  river  Fowey 
wending  its  tortuous  v/ay  through  the  marshes  till  it  is  hidden 
among  the  hills  in  the  distance.  In  the  lane  leading  down 
from  Terres  Hill,  the  “  black  spleenwort”  is  met  with,  Asgole- 
nium  adiantum -nigrum,  and  the  “  soft  prickly  shield-fern,” 
Polystichum  angidare. 

In  the  Poldue  Wood  about  half  a  mile  west  of  the  town, 
the  Osmunda  occurs  in  great  abundance,  and  the  L.  filix-mas. 
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with  fronds  six  feet  high  and  fourteen  inches  broad.  A  bank 
at  the  top  of  the  wood  was  covered  with  the  “hay-scented 
fern/"  L.  foenisecii  or  recurva ,  growing  very  luxuriantly,  being 
about  two  feet  high,  while  the  average  size  of  the  frond  is 
scarcely  more  than  eight  inches. 

At  Par,  a  small  village  on  the  sea-coast,  about  five  miles  to 
the  south,  are  the  “Par""  and  “Fowey  Consols""  copper  and  tin 
mines,  where  Francolite ,  a  variety  of  apatite  (phosphate  of 
lime),  and  also  good  crystals  of  pyrites  are  found.  A  walk  on 
the  sands  disclosed  the  “  sea  spleenwort,""  Asjplenium  marinum , 
in  great  abundance  in  the  caves  and  fissures  which  occur  all 
along  the  cliffs,  here  composed  of  the  “  killas""  or  clay  slate  (of 
Devonian  age) .  In  some  of  these  caves  a  little  removed  from  the 
sea,  the  A.  adiantum-nigrum  and  the  Scolopendrium  were 
unusually  large. 

Along  the  road  to  the  east  of  Lostwithiel  the  hedges  abound 
with  small  plants  of  the  L.  foenisecii ,  and  also  the  “  heath"" 
or  “  mountain  fern,""  L.  oreopteris.  The  rich  golden  hue  of 
the  latter  fern  renders  it  a  very  conspicuous  object.  The 
fronds  when  bruised  yield  a  peculiar,  but  not  unpleasant  odour, 
which  induced  Linnseus  to  name  it  Poly  podium  fragrans.  In  an 
osiery  at  Polscoe,  we  saw  an  immense  quantity  of  Osmunda, 
which  towered  above  our  heads.  About  three  miles  farther  in 
the  same  direction  is  the  old  house  of  Boconnoe,  which  was 
occupied  by  Charles  I.  as  his  head- quarters  in  September, 
1644. 

One  of  the  most  pleasant  days  of  our  Cornish  ramble  was 
spent  on  the  river  Fowey  (pronounced  Foy) .  The  distance  from 
Lostwithiel  to  the  town  of  Fowey,  at  the  mouth  of  the  river  of 
the  same  name,  is  about  five  miles  as  the  crow  flies,  but  is  much 
farther  by  water.  After  meandering  for  the  first  mile  and 
a  half  through  the  marshes,  the  river  winds  for  the  remaining 
distance  between  high  hills,  which  for  the  most  part  are 
covered  with  oakwoods  to  the  water"s  edge ;  and  the  broad 
stream  assumes  the  appearance  of  a  lake,  when  the  frequent 
bends  close  in  the  view' both  in  front  and  behind.  Just  after 
leaving  the  marshes  there  is  a  good  view  of  the  Milltown  via¬ 
duct  by  which  the  railway  crosses  a  small  branch  of  the  river 
Fowey.  The  Cornwall  Bailway,  only  sixty  miles  in  length, 
passes  over  five  miles  of  viaducts,  and  under  seven  tunnels. 
These  viaducts  are  all  composed  of  stone  pillars  for  about  half 
their  height,  and  the  other  half  of  a  wooden  framework  bolted 
together  with  iron  rods.  They  are  mostly  very  lofty,  that  of 
Combe  Lake  (lake  is  “  Cornish"’  for  a  small  stream  or  brook), 
being  120  feet,  and  one  at  St.  Austell  156  feet  high,  while  one 
near  Liskeard  and  another  at  Truro  are  remarkable  for  their 
length.  A  striking  echo,  which  will  repeat  two  or  three 
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words  with  great  clearness,  haunts  this  part  of  the  stream  below 
Milltown.  Half  way  on  the  left  bank  is  St.  Winnow's  Church 
which  contains  some  good  original  stained  glass  in  the 
windows.  Next  we  come  to  Penquite,  the  seat  of  Colonel 
Peard  (better  known  as  “  Garibaldi's  Englishman"),  on  the 
right  bank ;  situated  on  the  top  of  a  hill,  and  just  opposite  to 
the  branch  of  the  river  which  runs  up  to  Lerrin;  it  com¬ 
mands  a  most  magnificent  view.  We  then  passed  Gollant, 
Penpol  Creek,  Bodinnock,  etc.,  and  arrived  at  our  destination. 
Between  Polruan  on  the  left  and  Fowey  on  the  right  bank,  the 
river  is  very  wide,  and  forms  a  commodious  harbour. 

By  following  the  Restormel  Road,  the  Fowey  may  be  traced 
in  the  opposite  direction  towards  its  source.  About  half  a 
mile  from  the  town  is  the  adit-level  of  the  Royal  Iron-mine  of 
Restormel,  the  ore  is  the  hydrated  peroxide  of  iron  ( haematite )  : 
it  is  here  that  the  fine  specimens  of  “  Limonite,"  or  wood-iron, 
and  the  most  perfect  crystals  of  Gothite,  both  hydrated  per¬ 
oxides  of  iron,  are  found. 

A  little  farther  on,  under  the  castle,  there  is  a  small  quarry 
in  the  killas  where  it  is  of  a  pale  blue-grey  colour,  easily 
broken,  and  with  good  cleavage  planes,  while  at  the  Terres 
Hill,  scarcely  three-quarters  of  a  mile  distant,  where  the  killas 
is  altered  alterated"  a  Cornishman  would  say)  through 
contact  with  the  granite,  it  is  extremely  hard  and  tough,  has 
little  or  no  cleavage,  and  is  contorted  and  twisted  in  the  most 
remarkable  manner.  At  the  Terres  Hill  it  is  quarried  for  road- 
metal,  for  which  it  forms  a  most  excellent  material ;  axinite  in 
good  crystals  is  found  here. 

For  breaking  the  Cornish  rocks  it  is  necessary  to  have  a 
hammer  made  of  the  best  steel.  Mine  was  made  by  a  native 
blacksmith,  who,  being  accustomed  to  make  hammers  for  the 
stone-breakers,  knew  the  right  temper. 

On  the  bank  of  the  road  between  Restormel  and  Lanhy- 
drock  we  met  with  the  “  prickly- shield  fern,"  Polystichum 
lobatum ,  in  addition  to  the  other  ferns  found  before. 

The  river  Fowey  rises  at  Fowey  Well  to  the  east  of  Brown 
Willy,  on  Bodmin  Moor,  and  is  not  navigable  until  it  arrives 
at  Lostwithiel,  having  meandered  for  twenty-four  miles,  though 
the  distance  is  only  half  that  in  a  straight  line.  After  leaving 
the  moor,  its  course  lies  through  luxuriantly-wooded  valleys, 
abounding  in  ferns,  the  lady-fern  in  particular  being  very 
fine. 

In  the  neighbourhood  of  Lanhydrock,  the  banks  were 
covered  with  the  Oreopteris ,  almost  to  the  exclusion  of  every¬ 
thing  else.  Coming  to  Glyn,  near  the  Bodmin  Road  station, 
the  seat  of  Lord  Vivian,  we  walked  through  the  grounds,  and 
saw  the  “  brittle-bladder  fern,"  Cystopteris  fragilis ;  the 
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(c  toothed  bladder-fern/’  C.  dentata  ;  the  “  beech  fern/'  Poly - 
j podium  phegopteris ;  and  the  “  oak-fern/’  P.  dry  opt  er  is,  which 
we  did  not  meet  elsewhere  in  Cornwall.  At  Wheal  Jane,  a 
lead-mine,  we  obtained  some  specimens  of  “  cerusite/’  or 
carbonate  of  lead. 

One  evening  we  walked  over  to  the  Helmen  Tor,  on  Red 
Moor,  which  rises  to  the  height  of  700  feet  above  the  sea  level. 
This  hill  is  about  half  a  mile  in  length,  and  is  strewed,  as  is 
the  whole  surface  of  the  moor,  with  immense  blocks  of  granite 
(whence  the  Cornish  name  of  that  rock — Moorstone),  which  had 
been  worked  in  some  places  where  they  happened  to  be  near 
the  road,  and  a  block  could  easily  be  cut  out.  On  the  tor  the 
huge  masses  were  piled  in  the  wildest  confusion,  some  of  them 
overhanging  so  much  that  they  looked  in  the  distance  as  though 
a  slight  push  would  send  them  over  the  precipices.  There  are 
several  “logan”  or  “rocking  stones 33  on  this  tor.  One  block 
measures  13  ft.  long,  10  ft.  wide,  and  4  ft.  deep,  and  therefore 
weighs  upwards  of  30  tons,  but  is  so  nicely  poised  that  it 
u  logs 33  with  the  slightest  pressure ;  even  the  wind  moves  it. 
From  the  summit  of  this  hill,  on  a  clear  day,  both  the  English 
and  Bristol  Channels,  and  the  lofty  tors  of  Dartmoor  can  be 
distinctly  seen. 

Another  day  we  visited  the  dyke  of  porphyry,  from  which 
the  stone  was  obtained  for  the  Duke  of  Wellington'’ s  sarco¬ 
phagus  in  St.  Paul’s  Cathedral.  It  occurs  near  Luxulion,  also 
on  Red  Moor,  but  about  three  miles  south  of  the  Helmen  Tor, 
and  four  east  of  Lostwithiel.  Pisani,  the  French  chemist, 
describes  it  as  a  porphyritic  granite,  in  which  the  mica  is  re¬ 
placed  by  much  tourmaline,  which  is  in  radiating  needles  of  a 
very  dark  green  colour,  and  in  which  are  embedded,  crystals  of 
flesh-coloured  orthoclase  felspar,  with  a  very  little  quartz.  He 
has  given  it  the  name  of  Luxuliane ,  after  the  locality  where  it 
is  found. 

From  the  Treffry  viaduct — which  also  serves  for  an  aque¬ 
duct,  which  is  continued  along  the  east  side  of  the  valley  of 
Carmiers — we  had  a  splendid  view  of  the  beautiful  valley, 
having  on  our  left  the  hills,  which  were  well  wooded,  overhang¬ 
ing  us,  and  on  our  right  the  valley,  at  a  depth  of  from  200  to 
300  feet;  in  some  parts  the  side  was  quite  precipitous,  while  in 
others  the  slope  was  more  gradual.  A  small  stream  flowed 
along  the  bottom,  and  in  one  place  there  was  a  little  waterfall 
over  the  precipice,  of  which  we  could  not  see  much,  being 
directly  over  it.  Immense  masses  of  granite  here  and  there 
towered  far  above  the  trees,  while  ferns  were  growing  every¬ 
where. 

Walking  on  through  Prideaux,  we  found  a  fine  specimen  of 
crystallized  schorl,  a  black  variety  of  tourmaline,  which  had  been 
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built  into  a  wall,  but  winch  we  carried  off,  as  we  could  see  that 
the  natives  did  not  appreciate  it.  And  then  on  through  St. 
Blazoy  to  Par,  where  we  took  the  train  back  to  Lostwithiel. 

In  the  evening  we  went  to  St.  Winnow,  and  on  the  banks 
of  the  road  we  found  Folystichum >  angulare  and  P.  aculeatum 
in  great  abundance ;  the  latter  we  had  not  met  with  before. 

One  day  we  took  the  first  train  to  St.  Austell.  Its  church 
is  built  of  the  celebrated  Pentuan  stone,  which  is  a  hard  and 
very  tough,  pale  cream-coloured  “  elvanP  This  stone  takes  its 
name  from  Pentuan,  a  small  village  on  the  sea-coast,  five  miles 
to  the  south,  where  it  is  quarried.  It  is  a  fine-grained  rock, 
composed  of  felspar  and  quartz,  and  very  durable.  We  found 
the  road  from  St.  Austell  to  Pentuan,  which  runs  down  a  valley 
by  the  side  of  a  small  stream,  two  inches  deep  in  the  fine  china 
clay  dust,  which  was  extremely  disagreeable. 

This  elvan  dyke  first  appears  about  a  mile  to  the  north  of 
Pentuan,  then  runs  half  a  mile  S.W.  to  Polruddon,  where  it 
turns  inland,  and  can  be  traced  as  far  as  Little  Ventonwin,  a 
distance  of  five  miles.  It  can  be  seen  well  for  the  half  mile 
along  the  cliffs  in  the  killas  ;  it  varies  in  breadth  from  eight  to 
twenty  feet.  Prom  the  top  of  the  cliffs  a  fine  sea-view  may  be 
obtained  across  Mevagissey  Bay,  with  its  bold  coast-line  to  the 
south,  and  to  the  north  the  Black  Head,  a  mass  of  greenstone, 
and  beyond  that  St.  Austell  and  Tywardreath  (pronounced 
Tordreth)  Bays,  and  then  the  Gribbin  Head,  behind  which  lay 
the  town  of  Fowey. 

St.  Austell  derives  its  importance  from  its  tin  and  copper 
mines  (one  of  the  most  famous  of  which  is  Polgooth),  and  the 
tin- streaming,*  and  large  china  clay  works  in  its  neighbour¬ 
hood. 

The  china  clay  or  kaolin,  a  hydrous  silicate  of  alumina, 
results  from  the  decomposition  of  the  felspar  in  the  granite, 
which  may  have  been  produced  by  the  infiltration  of  waters 
containing  carbonic  acid  in  solution  ;  the  effect  of  which  would 
be  to  carry  off  the  potash,  etc.,  in  the  form  of  carbonates  or 
silicates  in  solution.  Orthoclase  felspar  commonly  constitutes 
about  45  per  cent,  of  granite.  It  is  the  large-grained  granite 
that  is  most  prone  to  decompose.  The  rock  of  the  extensive 
moor  between  St.  Austell  and  the  Hensbarrow  Beacon  (1054 
feet  high)  is  of  this  description,  and  is  worked  wherever  there 
is  a  sufficient  supply  of  water;  for  the  kaolin  is  separated  from 
the  quartz  and  other  impurities  by  washing  with  water  in  a 
series  of  tanks,  the  light  particles  of  the  china  clay  being  car¬ 
ried  forward  into  the  lower  reservoirs,  while  the  heavier  mate¬ 
rials  settle.  It  is  then  dried,  cut  into  square  blocks,  and  sent 

*  A  large  proportion  of  tin  is  obtained  in  Cornwall  by  the  stream- worts  from 
the  alluvial  deposits,  which  are  analogous  to  the  “  gold-washings.” 
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to  Charlestown  or  Pentuan,  to  be  shipped  to  the  potteries,  and 
sometimes  even  to  China, 

Among  the  mines  we  visited  was  the  “  Silver  Vein  Mine/*  in 
which  there  is  an  excessive  amount  of  water.  The  present 
engine  raises  rather  more  than  20  gallons  a  stroke,  at  16  strokes 
per  minute,  which  is  equal  to  466,560  gallons  per  day ;  but 
that  does  not  enable  them  to  work  lower  than  50  fathoms,  the 
lowest  level  at  present.  A  new  engine  was  in  course  of  erec¬ 
tion  which  will  pump  upwards  of  68  gallons  per  stroke.  At 
10  strokes  a  minute,  this  will  amount  to  989,280  gallons  in  the 
twenty-four  hours. 

This  mine,  which  is  situated  on  a  hill  about  half  a  mile  to 
the  east  of  Lostwithiel,  is  one  of  the  most  interesting  in  the 
duchy,  on  account  of  the  occurrence  of  the  only  lode  of  fahlerz, 
or  argentiferous  grey  copper  ore,  near  the  surface  in  Corn¬ 
wall.  The  fahlerz  contains  a  good  percentage  of  silver — about 
35  oz.  of  pure  silver  to  the  ton — whence  the  name  Silver 
VeinP  The  “  gossan  ”  also  contains  a  considerable,  though 
varying,  quantity  of  silver,  being  worth  from  £3  to  £40  per 
ton.  Gossans  are  generally  of  no  intrinsic  value,  but  only  as 
indications  of  the  contents  of  the  lode.  This  is  an  iron  gossan, 
but  of  a  pale  colour,  owing  to  the  iodide  (?)  of  silver*  dissemi¬ 
nated  through  it.  Very  minute  quantities  of  fahlerz  also  occur 
in  it.  The  change  from  gossan  to  fahlerz  takes  place  at  about 
thirty  fathoms  depth,  and  continues  as  such  throughout  the 
length  and  depth  of  the  mine,  as  far  as  it  now  extends.  The 
vein  varies  in  width  from  a  few  inches  to  a  few  feet  (three  feet 
being  about  the  average),  but  this  is  not  all  ore,  some  parts 
being-  much  richer  than  others. 

Before  going  underground  we  had  each  to  change  our 
own  for  a  suit  of  miner’s  clothes  and  boots,  but  no  socks, 
and  a  very  strong  and  heavy  broad-brimmed  wide-awake, 
so  that  if  a  piece  of  rock  fell  on  our  heads  it  might  not 
kill  us.  We  then  repaired  to  the  shaft,  where  we  were 
each  presented  with  a  tallow  candle,  stuck  into  a  soft  lump 
of  clay  instead  of  a  candlestick.  We  lit  it,  and  then 
fastened  it  to  the  front  of  our  hats  with  the  soft  clay.  We 
descended  the  mine  by  means  of  ladders,  as  is  the  case  in 
nearly  all  the  Cornish  mines,  the  shaft  not  being  perpendicu¬ 
lar,  as  in  coal  mines,  where  the  depth  and  extent  of  the  deposit 
is  pretty  well  known,  but  having  to  follow  the  course  of  the 
vein,  which  cannot  be  told  till  it  is  actually  seen.  In  this 
all  the  ladders  except  the  third  were  nearly  perpendicular, 
but  that  one  sloped  at  a  considerable  angle.  At  every  ten 
fathoms  levels  are  driven,  and  through  all  of  these  we  went. 
Captain  Burn  kindly  directing  our  attention  to  the  points  of 
*  Silver  more  frequently  occurs  as  chloride. 
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interest.  It  was  pleasantly  cool  underground,  the  water,  which 
was  oyer  the  tops  of  our  boots  in  some  parts  of  the  levels,  being 
quite  cold.  This  mine  was  excellently  ventilated. 

We  next  visited  Chiverton  Moor,  and  walked  on  past  Per- 
ranzabuloe  and  Perran's  Well,  towards  the  ruins  of  St.  Per¬ 
ran's  Church,  which  is  half  buried  in  the  sands  through  the 
encroachment  of  the  sea  ;  but  being  overtaken  by  darkness 
before  reaching  it,  we  turned  round  and  proceeded  more  than 
a  mile  over  the  sands  towards  Portli  Towan,  on  our  way  to  St. 
Agnes.  Small  hills  of  killas  rise  here  and  there  on  the  sands, 
and  we  passed  the  ruined  engine-houses  of  two  deserted 
mines.  Immense  numbers  of  rabbits  were  running  about. 
We  then  followed  the  road,  which  was  extremely  hilly,  to  St. 
Agnes,  passing  numerous  mines  both  at  work  and  deserted. 
The  country  in  this  neighbourhood  is  burrowed  like  a  gigantic 
warren,  and  after  dusk,  or  indeed  at  any  time,  it  is  necessary 
to  use  the  utmost  caution,  for  the  old  shafts  are  scarcely  ever 
walled  in  nor  protected  in  any  way. 

Coming  to  St.  Agnes  Beacon,  a  hill  621  feet  high,  we  found 
it  nearly  encircled  by  some  remarkable  beds  of  sands  and 
clays,  at  an  elevation  of  about  300  to  400  feet,  which  have 
been  worked  for  tin-stone,  numerous  small  veins  of  which 
exist  in  the  granite  that  crops  out  just  below  on  the 
western  side.  We  then  went  down  to  Chapel  Porth,  passing’ 
Huel  Coates,  where  fine  pseudomorphs  of  cassiterite  (oxide  of 
tin),  after  twin  crystals  of  orthoclase  felspar,  occur.  In  a  bank 
close  by  we  found  a  piece  of  rock  containing  cavities  that 
had  been  occupied  by  crystals  of  orthoclase. 

On  the  way  from  Portreath  to  Pool  we  were  stopped  by 
two  Cornishmen,  who  inquired  what  we  te  carried”- — -i.e.,  sold; 
for  tourists  are  scarce  in  this  part,  and  they  had  never  seen 
any  but  pedlars  carrying  knapsacks  before. 

Pool  is  the  centre  of  a  large  mining  district,  being  midway 
between  Pedruth  and  Camborne,  and  just  below  Carn  Brea 
Hill  (735  feet  high),  which  is  granite,  though  Pool  is  on  the 
killas.  We  visited  the  celebrated  mines  of  Dolcoath,  Cook's 
Kitchen,  and  Tin  Croft.  They  are  worked  for  tin  and  copper, 
though  at  one  time  a  considerable  quantity  of  silver  was  ob¬ 
tained  at  the  first-mentioned  mine.  At  Tin  Croft  I  picked  up 
a  nice  specimen  of  crystallized  “  chalybite”  (carbonate  of  iron) 
on  a  crystal  of  quartz.  At  Cook's  Kitchen  we  saw  a  peculiar 
blue  rock,  which  the  miners  considered  “  good  for  tin'' — that 
is,  a  good  indication  of  the  neighbourhood  of  tin- ore,  not  that 
it  was  ore  itself. 

At  Carn  Brea  mine  we  obtained  a  large  collection  of  granite 
from  underground,  the  specimens  differing  either  in  colour  or 
size  of  grain.  Thence  on  to  East  Pool,  a  tin-mine,  in  which 
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occurs  a  great  quantity  of  wolfram  (tungstate  of  iron),  wliicli 
was  at  first  mistaken  for  tin-stone  by  tfie  adventurers.  It  has 
very  little  commercial  value,  as  there  is  scarcely  any  demand 
for  it,  being  only  employed  in  this  country  in  making  the 
tungstate  of  soda,  used  to  render  ladies'  dresses  incombustible, 
in  giving  hardness  to  plaster  of  Paris,  and  as  a  mordant  in 
dyeing.  Some  years  ago  it  was  worth  from  <£8  to  £9  per  ton, 
but  is  not  now  of  half  that  value.  In  Austria  it  is  used  for 
hardening  steel,  and  at  one  time  some  was  exported  there  from 
Cornwall  for  that  purpose.  Steel  alloyed  with  tungsten  is  said 
to  be  much  harder  than  that  prepared  in  any  other  way,  but 
unfortunately  very  difficult  to  temper. 

One  day  we  took  the  rail  to  Liskeard,  and  then  walked  through 
the  town,  which  lies  on  a  hill  about  a  mile  to  the  north  of  the 
railway  station,  along  a  road  over  a  seemingly  endless  series  of 
hills,  each  one  apparently  higher  than  one  before,  on  to  the 
Cheese-wring  on  Bodmin  Moor.  The  Cheese-wring,"  or 
iC  press,"  though  it  may  have  been  used,  in  Druidical  worship, 
is  evidently  a  natural  formation.  It  consists  of  a  pile,  thirty- 
two  feet  in  height,  of  gigantic  rocks,  the  four  uppermost  over¬ 
hanging  the  lower  stones.  From  its  top  there  is  an  extensive 
view  of  the  surrounding  country,  all  open  moorland,  with  huge 
masses  of  granite  projecting  here  and  there ;  and  just  under 
it  is  the  large  quarry  of  this  far-famed  stone,  which  is  white, 
fine-grained,  and  very  durable.  A  little  below,  we  were  shown 
some  stone  cabins,  formed  by  digging  out  the  earth  from  under 
some  large  slabs,  said  to  have  been  once  inhabited  by  a  Mr. 
Daniel  Gmnb  and  his  family ;  this  eccentric  gentleman  having 
a  love  of  mathematics  and  astronomy,  and  an  abhorrence  of 
taxes.  On  one  of  the  slabs  some  figures  of  propositions  of 
Euclid  are  carved,  and  on  another  D.  Gumb,  1735. 

On  our  excursion  to  the  Lizard  district,  we  took  the  train 
to  Penryn,  whence  the  granite  of  which  Waterloo  Bridge  is  built 
was  obtained.  It  is  exactly  like  the  Cheese-wring  granite. 
The  road  through  Budock  and  Mawnan  Smith  to  the  ferry 
over  the  Helford  Elver  traverses  a  very  hilly  country,  and  the 
banks  were  filled  with  ferns,  which  were  none  the  less  beautiful 
through  being  common,  for  we  did  not  notice  any  rare  species. 
The  next  village  of  any  size  is  Menaccan,  from  which  menac- 
canite,  a  variety  of  titaniferous  iron,  which  was  first  found  in 
a  bed  of  a  rivulet  near  here,  derives  its  name.  About  a  mile 
and  a  half  to  the  south  is  a  bed  of  hornblende  slate,  extending 
about  a  mile,  and  the  Crousa  Downs  cover  an  immense  bed  of 
diallage  rock,  so  called  from  its  containing  large  crystals  of  that 
mineral  intermixed  with  hornblende  and  felspar.  It  is  locally 
known  as  Crousa  stone,  and  is  very  handsome,  but  owing  to 
the  cost  of  conveyance,  is  not  at  present  put  to  any  economic  uses. 
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Resuming  our  march,  and  passing  the  Chynhal's  Point,  we 
reached  the  Black  Head,  a  precipitous  headland  composed  of 
serpentine,  as  is  all  the  country  to  the  south  of  Coverack  Cove 
on  the  east,  and  Mullion  on  the  west  coast  of  Lizard,  with  the 
exception  of  the  extreme  point,  which  is  partly  hornblende 
slate  and  partly  mica  slate.  Serpentine  is  a  hydrated  silicate 
of  magnesia,  here  generally  of  a  dark  green  or  reddish-brown 
colour,  but  the  choicer  varieties  are  often  of  a  bright  red,  or 
black,  or  green  with  red  markings,  and  frequently  spangled 
with  crystals  of  diallage,  which,  having  a  brilliant  metallic 
lustre,  give  the  rock  a  most  beautiful  appearance.  It  is  fre¬ 
quently  traversed  with  veins  of  steatite,  also  hydrated  silicate 
of  magnesia,  which  is  white.  At  the  Black  Head  some  of  the 
most  beautiful  of  these  veins  occur.  There  was  one  vein  in 
particular,  but  which  is  now  worked  out,  that  consisted  of  pure 
white  steatite,  with  small  fragments  of  green,  red,  and  black 
serpentine  and  spangles  of  diallage  scattered  through  it ;  it 
was  not  more  than  two  inches  in  thickness,  but  was  well 
adapted  for  paper  weights  and  small  ornaments.  We  found 
one  small  vein,  and  brought  away  some  specimens.  At 
Sparnick,  a  couple  of  miles  further,  a  small  mass  of  the 
Crousa  stone  again  appears.  At  Kennack  Cove,  which  is  re¬ 
markable  for  having  the  greatest  extent  of  sandy  shore  in  the 
district,  we  obtained  some  fine  specimens  of  red  serpentine, 
with  green  lines  across  them.  There  is  also  here  one  of  the 
fine-grained  granitic  veins  which  occur  at  various  places  in  the 
serpentine.  A  little  beyond  Cadgwith,  a  fishing  village  and 
coast-guard  station,  is  the  Devil's  Frying  Pan/-’  a  large 
circular  chasm  in  the  cliffs,  caused  by  the  falling  of  the  roof  of 
a  caveat  some  remote  period.  It  is  200  feet  deep  and  126  feet 
wide  at  the  bottom,  the  sides  are  almost  perpendicular.  In  very 
calm  weather  a  small  boat  can  enter  by  the  mouth  of  the  cave. 
A  little  further  south  is  the  Dolor  Hugo  (Hugo  is  Cornish 
for  a  cave  :  it  is  only  used  in  the  Lizard  district),  an  enormous 
cavern,  but  which,  being  entered  by  the  sea  at  all  times  of  the 
tide,  is  only  accessible  by  boat,  and  in  the  calmest  weather.  Just 
beyond,  under  Carn  Barrow,  is  another  cave  in  which  the  sea- 
fern,  Asjplenium  marinum ,  grows  luxuriantly. 

Standing  on  the  cliffs  near  the  Lizard  Light  we  could  see  the 
Land's  End  cliffs  to  the  west,  in  the  distance,  across  Mount's 
Bay ;  and  to  the  east  is  a  beautiful  little  bay,  half  a  mile  across, 
called  Housel,  bounded  on  the  opposite  side  by  the  rocky 
headland  of  Pen  Olver,  while  just  below  rises  a  lofty  columnar 
rock,  called  the  Bumble,  which  can  be  reached  from  land  at 
low  water  only.  The  rocks  are  here  composed  of  very  black 
hornblende  slate.  A  little  to  the  east  of  the  light -house  is  an 
enormous  hole,  known  as  the  Lion's  Den,  caused,  like  the 
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Frying  Pan.  by  the  falling  in  of  the  roof  of  a  cave  beneath,  the 
Daws  Hugo ;  in  this  case  the  date  is  known — viz.,  14th  Febru¬ 
ary,  1847. 

While  standing  on  the  cliff  here,  at  7.48  p.m.,  on  the  23rd 
August,  1864,  just  before  dark,  we  saw  a  most  brilliant  meteor 
over  the  sea.  Its  apparent  direction  was  W.N.W  to  E.S.E. 
It  was  at  first  of  a  pale  yellow  colour,  then,  bursting  with  a 
crackling  noise,  turned  blue,  and  some  black  fragments  fell. 

In  the  morning  we  walked  to  Kynance  Cove,  on  the  west, 
where  the  rock  scenery  is  the  most  beautiful  we  met  with  in  our 
tour.  The  cliffs,  though  not  very  lofty,  are  grouped  most 
picturesquely.  The  red  rocks  contrast  grandly  with  the  fine 
green  colour  of  the  sea.  A  large  rock  in  the  centre,  which  is 
covered  with  herbage,  is  called  Asparagus  Island,  from  the 
Asparagus  officinalis  which  grows  in  abundance  on  it.  There 
are  several  extensive  caves  in  this  cove,  and  it  is  entered  by 
a  natural  archway.  There  are  also  two  granite  veins  here. 

The  interior  of  the  Lizard  district  is  chiefly  moorland,  the 
northern  part  being  called  Goonhilly  Downs,  and  the  southern 
the  Lizard  Downs.  These  moorlands  are  covered  with  heath ; 
the  Cornish  heath.  Erica  vagans ,  growing  in  equal  abundance 
with  the  more  common  varieties,  E.  tetralix ,  and  E\  cinerea.  The 
flowers  of  the  Cornish  heath  are  either  red,  white,  or  light 
purple.  The  “  addeFs  tongue  ”  fern,  Ophioglossum  mdgatum , 
grows  in  the  district,  but  we  did  not  find  it.  There  wTas  for- 
merly,  at  Gue  Graze,  a  large  vein  of  steatite,  or  soap-rock,  as 
it  is  sometimes  called  ;  but  it  wras  all  quarried  and  carried  away 
some  years  ago,  principally  for  China  clay,  but  it  was  also  used 
in  the  manufacture  of  Epsom  salts  and  carbonate  of  magnesia. 
We  found  some  small  pieces  of  the  steatite,  and  also  in  a  cre¬ 
vice  in  the  rocks  some  mountain  leather,  a  variety  of  asbestos. 
The  cliffs  are  very  dark  red,  and  in  some  parts  quite  black  ; 
they  are  about  200  feet  high,  and  very  precipitous.  Under  the 
shelter  of  some  rocks  the  Aspleninm  marinum  and  A.  adian- 
tum-nigrum  were  growing  luxuriantly  ;  and  having  plenty  of 
earth  about  their  roots,  were  very  good  for  transplanting, 
which  is  not  otten  the  case  with  these  two  species.  Higher 
up  m  the  valley  the  Osmunda  was  growing  in  great  abun¬ 
dance,  though  not  more  than  a  yard  high,  but  it  was  in 
bushy  plants.  This,  like  most  of  the  valleys  in  the  district,  has 
large  rocks  strewn  about  it,  a  small  stream  running  down  it, 
and  very  steep  sides,  so  that  you  do  not  see  it  till  within  a  few 
yards  of  the  edge. 

At  Ilelstone  we  took  the  coach  to  Marazion,  passing  through 
Breage  (pronounced  Rraeg ),  where  we  again  entered  a  mining- 
district,  which  stretches  from  here  to  Penzance  in  the  west, 
and  St.  Ives  in  the  north. 
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Opposite  to  Marazion — 

“  Majestic  Michael  rises,  he  whose  brow 
Is  crown’d  with  castles,  and  whose  rocky  sides 
Are  clad  with  dusky  ivy." 

On  the  land  side  St.  Michael  rises  gradually  to  the  height 
of  195  feet,  while  to  the  seaward  it  is  precipitous.  The  western 
side  is  composed  of  fine-grained  white  granite,  with  a  rather 
small  proportion  of  mica.  In  the  cavities  of  the  granite  very 
good  crystals  of  white  topaz  occur;  we  found  some  good 
specimens.  The  building  on  the  summit  is  not  a  castle,  but  a 
portion  of  the  old  monastery.  It  is  now  the  residence  of  Sir 
John  St.  Aubvn. 

%j 

Near  Penzance  is  “Ding  Dong”  one  of  the  oldest  tin  mines 
in  the  county.  The  names  of  some  of  the  Cornish  mines  are 
very  curious,  such  as  the  above  and  the  following,  “  Ale  and 
Cakes,”  “Ting-Tang,”  “Wheal  Music,”  “Wheal  Chance,” 
“  Wheal  Cost  all  Lost,”  etc.  Some  are  named  after  the  estate  on 
which  they  are  situated,  and  others  with  personal  names,  as 
“Wheal  Frances/  ■’“Wheal  Eliza,”  “Wheal  Alfred;”  while 
others  are  named  after  natural  objects,  as  “Wheal  Crab,” 
“Wheal  Limpet,”  “Wheal  Violet,”  “Wheal  Primrose,” 
“  Wheal  Faven,”  etc. 

St.  Just,  which  next  engaged  our  attention,  is  surrounded 
by  numerous  mines,  amongst  which  is  the  celebrated  Botallack 
mine,  two  miles  to  the  north,  that  runs  a  third  of  a  mile  under 
the  sea.  A  great  many  minerals  occur  in  it,  amongst  which  are 
arseniate  of  iron,  bismuthine,  native  copper,  specular  iron, 
and  augite.  We  had  not  time,  however,  to  visit  it,  but  Mr. 
Tailing  has  been  there  since,  and  was  fortunate  enough  to  dis¬ 
cover  several  interesting  species,  one  of  which,  atacamite, 
is  new  to  Cornwall  only,  while  the  other  two  are  new  to 
science.  They  are  all  three  hydrated  oxychlorides  of  copper. 
One  of  them  has  been  named  Tallingite  by  Prof.  A.  H.  Church, 
who  analyzed  and  described  them  and  the  other  Botal- 
lackite.  The  Tallingite  is  blue,  while  the  other  two  are  green, 
the  former  dark  and  the  latter  very  pale.  They  have  in  all 
probability  been  formed  by  the  infiltration  of  sea-water,  which 
lias  acted  on  the  ores  of  copper. 

The  morning  after  our  arrival  in  St.  Just,  we  walked  to 
Cape  Cornwall,  a  most  remarkable  promontory.  Its  extremity 
is  a  huge  rounded  hillock  of  killas,  240  feet  high,  precipitous  on 
the  seaward  side,  though  rising  more  gradually  from  the  land. 
About  a  mile  to  the  S.W.  are  the  Brisons  or  Sisters,  two  large 
black  rocks,  which  rise  seventy  feet  above  high-water  mark. 

Along  Whitsand  Bay  we  saw  many  of  the  “  old  men’s 
workings,”  whence  it  is  supposed  the  Phoenicians  obtained 
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tlieir  tin.  In  the  shelter  of  some  rocks  here  we  found  the 
“  lanceolate  spleenwort,"  Asjplenium  marinum ,  a  fern  which 
we  had  not  before  met  with.  Then  passing  Sennen  village,,  we 
came  upon  a  lofty,  precipitous  headland,  called  Pedn-mean-du, 
the  f<r  headland  of  black  rock/'’  from  the  top  of  which  we  had 
a  good  view  of  Whitsand  Bay  and  Cape  Cornwall  to  the 
north ;  and  to  the  south,  only  a  mile  distant,  the  Landis  End ; 
and  just  below,  out  at  sea,  the  Irish  Lady,  a  large  black  rock. 
The  rocks  here,  composed  of  white  granite,  have  very  much 
the  appearance  of  basalt  from  the  regularity  of  the  cracks  and 
joints. 

The  cliffs  at  the  Land's  End  terminate  very  abruptly,  and 
are  quite  perpendicular.  They  far  surpassed  our  anticipations 
m  their  wild  grandeur,  although  it  was  extremely  calm  on  the 
day  we  were  there,  the  rocks  being  but  slightly 

“Fringed  by  the  lace-work  of  pearl-threaded  foam, 

That  mermaid’s  weave,  and  bang  along  the  shore.” 

About  two  miles  to  the  westward  is  the  Longship's 
Lighthouse,  built  on  a  rock  called  Cam  Bras,  the  largest  of 
the  group,  and  in  the  distance  the  Scilly  Isles,  of  which  St. 
Mary's,  the  largest,  is  easily  distinguished  by  the  extent  of 
white  sand.  They  are  about  thirty  miles  off.  Midway  between 
these  and  the  Land's  End  lie  the  Seven  Stones,  said  to  be  the 
summits  of  hills  in  the  fabled  land  of  Lyonesse,  which  legends 
say  was  once  a  rich  and  fertile  land,  possessing  no  less  than 
one  hundred  and  forty  churches,  until  by  some  terrible  convul¬ 
sion  it  was  submerged,  the  only  survivor  being  a  Trelawney, 
who  swam  away  on  his  white  barb,  which  is  still  the  cognizance 
of  the  family.  It  is  celebrated  in  the  Idylls  of  the  King," 
where 

“  All  day  long  the  noise  of  battle  rolled 
Among  the  mountains  by  the  winter  sea. 

Until  King  Arthur’s  table,  man  by  man, 

Had  fallen  in  Lyonesse  about  their  lord.” 

But  geologists  are  of  opinion  that  no  such  great  change  can 
have  taken  place  in  historic  times. 

A  little  to  the  south  of  the  Land's  End,  close  under  the 
clifis  lies  the  Dollah  Pock,  and  a  little  further  out,  an  enormous 
mass,  nearly  200  feet  high,  called  the  Armed  Knight,  from  a 
rock  at  the  top  resembling’  a  man's  head,  and  the  columnar 
granite  looking  like  armour  ;  and  more  to  the  south,  an  island 
called  Enys  Dodman,  that  has  a  cavern  forty  feet  high  running 
through  it.  We  then  followed  the  line  of  .the  cliffs  passing 
Pordenick  Point,  a  bold  headland,  showing  the  columnar 
form  of  granite  to  perfection ;  next  Cam  Yoel,  and  then  Cam 
Evall,  the  western  boundary  of  Kaujizel  or  Mill  Bay,  one  of 
the  most  beautiful  on  the  coast.  The  latter  name  is  owing  to  a 
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mill,  now  in  ruins,  on  tlie  stream  which,  falls  over  a  series  of 
small  cascades  through  a  natural  archway  into  the  sea.  It  is 
bounded  on  the  south-east  by  Carn  les  Boel,  the  earn  of  a 
bleak  place,"”  which  is  penetrated  by  a  lofty  but  narrow  cavern, 
called  Zawn  Pyg,  “  cave  like  a  bird’s  beak.”  We  entered  one 
of  the  “  old  mem’s  workings  ”  here,  being  prepared  with  a 
candle  and  matches.  It  only  extended  about  thirty  feet,  for  in 
those  days  the  miners  did  not  like  to  go  too  far  underground 
for  fear  of  the  gnomes  and  pixies.  We  picked  up  some  good  tin¬ 
stone  in  it. 

The  famous  Logan  Rock,  which  weighs  about  eighty  tons, 
is  situated  on  a  pile  of  rocks  about  thirty  feet  high,  near  the 
extremity  of  a  long  and  narrow  precipitous  promontory,  called 
Treryn  Dinas,  the  “  castle  of  the  fighting  place.”  The  entrance 
is  blocked  by  an  immense  pile  of  rocks,  leaving  only  a  narrow 
pathway,  so  that  it  could  easily  have  been  defended.  There 
are  the  remains  of  some  earthworks  round  it.  It  requires 
some  strength  to  rock  the  Logan  Stone.  It  was  said  to  log 
much  better  before  its  overthrow,  in  1824,  by  Lieut.  Gold¬ 
smith,  who,  having  heard  the  country-peopled  tradition,  that 
though 

“  It  moves  obsequious  to  the  gentlest  touch 
Of  him  whose  heart  is  pure,5’ 

it  was  impossible  that  any  force  could  remove  it ;  so  one  even¬ 
ing  he  went  ashore  with  some  seamen  from  his  cutter,  and 
with  powerful  crowbars  capsized  it;  but  it  was  fortunately 
caught  in  a  ledge  of  rock,  and  did  not  roll  down  into  the  sea. 
He  had,  however,  to  pay  dearly  for  his  amusement,  for  the  en¬ 
raged  Cornishmen  appealed  to  the  Admiralty,  who  gave  him  a 
hint  that  his  commission  was  in  danger  unless  he  restored  the 
rock  to  its  former  position,  which  he  did  by  means  of 
machinery  from  Plymouth  Dockyard. 

The  celebrated  Druidical  circle  of  Boscawen-un,  is  situated 
a  mile  and  a-half  to  the  north  of  St.  Burian.  It  consists  of 
nineteen  large  granite  pillars,  varying  in  height  from  three  to 
six  feet,  in  a  circle,  and  a  taller  one,  which  slopes  a  little  in 
the  centre ;  three  of  them  have  fallen. 

In  a  valley,  or  croft,”  as  it  would  be  called  in  this  part, 
that  runs  down  from  Boscawen  to  Lamorna  Cove,  the  most 
beautiful  and  rarest  of  the  English  heaths,  Erica  ciliaris , 
grows. 

A  tour  in  Cornwall  would  be  sadly  incomplete  without 
paying  a  visit  to  King  Arthur’ s  Castle  on  Tintagel  Head,  a 
lofty  square  rock  five  or  six  hundred  feet  high,  precipitous  on 
all  sides,  and  nearly  surrounded  by  the  sea.  It  is  called  by 
the  natives  (C  the  island.”  It  is  only  accessible  from  the  corner 
by  which  it  is  joined  to  the  mainland,  and  that  only  by  a 
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narrow,  zig-zag  footpatli  up  the  face  of  the  cliff.  Not  mucli 
of  the  walls  now  remain,  as  it  was  built  more  than  fifteen 
hunched  ^ears  ago.  ±Hrom  the  summit  we  could  see  along  the 
coast  line  as  far  as  the  Hartland  Point,  with  Lundy  Island  to 
to  the  north,  and  to  the  Pentire  Point  on  the  south. "  The  coast 
sceneiy  here  is  certainly  much  more  beautiful,  with  the  exception 

Kynance  Gove,  than  any  we  had  seen  before,  though  the 
cliffs  were  not  quite  so  grand  as  the  granite  ones  of  Landes 
Enel.  On  the  northern  side  of  the  castle  is  a  small  bay,  where 
the  slates  are  shipped,  and  which  are 

“  the  sands 

Of  wild  Dundagil  by  the  Cornisli  sea,” 

where  the  infant  prince,  who  grew  up  to  be  the  glory  of 
Cornishmen,  and  the  lord  of  the  castle  aboye,  was  found. 

On  the  opposite  side  of  the  bay  is  a  fine  headland  called  the 
Bail  as  Nose,  which  seemed  a  great  attraction  to  artists,  for 
one  morning  there  were  four  sketching  it. 

Plot  far  from  the  castle  I  found  the  true  “  maiden-hair 
fern,^  Adiantum  Capillus -veneris,  growing  very  abundantly. 
The  fronds  had  very  large  pinnules. 

Two  miles  east  of  Tintagel  is  a  most  beautiful  valley 
abounding  in  ferns;  in  the  lower  part  the  Asplenium  marinum , 
and  even  the  A.  lanceolatum  were  quite  common.  The  rocks 
here  are  very  fine,  while  higher  up  it  is  well  wooded,  and  at 
about  a  mile  and  a-half  from  the  sea  is  the  fall  of  St.  NighWs 
Xieve.  I  he  fall  is  divided  into  two  parts — the  water  first 
falling  about  fifty  feet,  then  passing  through  a  cave,  and  falling 
twenty  feet  more.  Every  ledg*e  and  crevice  in  the  rocks  was 
occupied  by  ferns,  but  we  did  not  notice  any  that  we  had 
not  before  seen  in  Cornwall,  though  our  guide  said  that  every 
^nglish  species  grew  there.  He  told  us  the  Adiantum  grew  in 
the  valley,  but  kept  the  exact  spot  a  secret.  Just  above  the 

fall  are  the  ruins  of  the  cell  of  the  recluse  from  whom  it  has 
its  name. 

°ne  <%  we  went  on  to  Boscastle,  where  there  is  a  small 
haibour,  and  around  which  the  cliffs  are  very  grand,  and  an¬ 
other  day  across  Trebarwith,  noted  for  its  large  extent  of  sandy 
shore,  on  to  Tregarget  beach,  where  there  is  a  deserted  mine, 
passing  se\  eral  slate  quarries  on  our  way,  and  in  one  valley  we 

saw  an  immense  quantity  of  Osmunda  on  the  banks  of  a  small 
stream. 

In^  the  neighbourhood  of  Camelford,  the  “  forked  spleen- 
wort/"  Asjplenium  septentrionale  occurs,  but  I  did  not  find  any 
specimens  of  it,  though  I  found  “  Wilsom’s  film  fern/-’  Hymeno- 
phyllum  Wilsoni,  or  unilateral e,  a  short  distance  off.  Near 
Camelford  is  Bough  Tor,  which  the  people  pronounce  lloiuler, 
one  of  the  grandest  of  the  Cornish  hills.  It  is  1296  feet  high. 
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while  Brown  Willy,,  the  highest  hill  in  Cornwall,  which  lies 
about  a  mile  to  the  south-east,  is  1368  feet  above  the  sea  level. 
Bough  Tor  is  strewn  with  large  rough  blocks  of  coarse¬ 
grained  white  granite,  whence  its  name ;  and  amongst  them 
were  a  number  of  half  wild  goats. 

Before  I  went  down  into  Cornwall  I  heard  all  sorts  of 
absurd  tales  of  “  West  Barbary V  For  instance,  that  no  trees 
grew  there ;  which  is  true  as  regards  Bodmin  and  the  other 
great  moorlands,  and  the  Lizard  and  Land’s  End  districts,  but 
the  rest  of  the  duchy  is  luxuriantly  wooded.  And  then 
again  that  it  rains  two  days  out  of  three,”  while  I  found  the 
average  to  be  one  day  in  seven  or  eight. 
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THE  ERUPTION  OF  1669. 

BY  PROFESSOR  D.  T.  ANSTED,  F.R.S. 

I  arrived  at  Catania  from  Taranto  on  the  27th  January,  1866. 
Etna  was  then  covered  with  clouds.  The  wind  was  from  the 
north,  and  cold,  and  the  sea  had  been  much  disturbed.  The 
view  of  the  mountain  is  always  grand ;  but  the  effect  on  this 
occcasion  was  not  equal  to  that  produced  when  I  had  seen  the 
mountain  from  the  sea  in  June  last.  There  was  more  snow 
than  is  usual  in  January,  and  a  moderate  escape  of  white 
smoke  from  the  crater.  The  snow  was  pretty  continuous 
about  6000  feet  down  from  the  top,  that  is,  from  the  height  of 
about  5000  feet  from  the  sea.  The  lavas  of  1669  are  very 
striking,  as  seen  on  the  south  side  of  the  town  on  entering  the 
*  harbour,  and  they  fully  prepare  the  traveller  for  the  volcanic 
phenomena  of  the  district. 

The  history  of  the  eruption  of  1669  has  often  been  pub¬ 
lished.  It  is  written  so  clearly  in  the  cones,  craters,  ashes,  and 
lava-currents  between  Catania  and  Mount  Etna — places  still 
remaining  in  a  state  absolutely  unaltered,  and  that  can  be 
visited  from  Catania  with  the  greatest  ease — that  no  better 
standard  of  comparison  for  volcanic  phenomena  of  recent  date 
can  be  imagined.  It  is  exemplified  further  in  a  rich  variety  of 
mineral  products,  including  crystals  of  the  most  perfect  form, 
pseudomorphs  in  enormous  abundance,  and  coloured  scorige 
of  the  most  brilliant  hues.  All  these  cover  a  wide  district, 
cultivated  to  a  certain  extent  during  summer,  but  in  the  season 
of  winter  and  early  spring  only  here  and  there  enlivened  by  the 
Indian  fig  and  the  blossom  of  the  almond- tree. 
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The  cone  and  crater  formed  during  the  great  eruption  of 
1669  are  still  wonderfully  perfect  and  extremely  interesting. 
They  are  between  twelve  and  thirteen  English  miles  from 
Catania,  towards  the  north,  and  on  the  outer  verge  of  that  great 
circular  area  of  scorim,  lava,  and  innumerable  volcanic  cones  that 
characterize  Etna.  This  area  is  included  within  a  radius  of  about 
ten  miles  from  the  principal  crater,  and  there  is  but  one  cone 
(supposed  to  be  mediaeval,  but  probably  older)  at  any  consider¬ 
able  distance  from  it. 

The  principal  cones  of  1669  are  described  as  three,  but 
consist  in  fact  of  one  twin  cone  with  a  double  crater  and  one 
smaller  cone.  The  former  is  known  as  the  Monti  Rossi,  or  red 
hills,  from  the  singular  amount  and  well-known  colour  of  the 
peroxide  of  iron  colouring  the  scoriae,  of  which  the  two  appa¬ 
rently  distinct  cones,  are  made  up.  There  are  a  few  other 
small  cones  of  the  same  eruption,  but  none  are  of  any 
importance.  The  second  principal  cone  is  the  Grotto  delle 
Palombe.  All  rise  abruptly  out  of  a  sloping  surface  of  intensely 
black  lapillae,  and  ashes  composed  of  fragments  varying  in  size 
from  a  pin's  head  to  a  pea,  occasionally  mixed  with  others 
rather  larger.  These  are  scoriaceous,  but  hard.  This  bed  of 
intensely  black  and  hard  ashes  covers  the  remains  of  the  old 
village  of  Nicolosi;  the  modern  town  of  that  name  is  adjacent. 
The  level  of  the  ashes  at  the  foot  of  the  cones  I  found  to  be 
about  2160  feet  above  Catania. 

The  first  cone  I  visited  was  that  of  the  Grotto  dellaPalom.be. 

It  consists  chiefly  of  lava.  Its  highest  summit  is  about  870 
feet  above  the  plain ;  but  one  side  is  much  lower  than  the 
other.  Ascending  the  lower  side  on  ashes  and  scoriae,  an  oval 
crater  is  seen,  and  may  be  entered  without  any  difficulty.  One 
may  descend  into  it  to  a  depth  of  sixty  feet  below  the  highest 
part  of  the  cone.  The  bottom  is  covered  with  loose  scoriae,  but 
the  walls  are  of  lava,  in  layers  of  different  thickness,  imper-  • 
fectly  stratified.  The  beds  of  lava  do  not  dip  at  any  consider¬ 
able  angle.  The  lava  is  partly  cellular,  but  more  generally 
compact.  In  the  bottom  of  the  crater,  in  the  direction  of  the 
Monti  Rossi,  is  a  hole  about  twenty  feet  deep,  and  about 
twelve  feet  in  circumference.  Erom  this  hole  there  was  for¬ 
merly  a  passage  for  many  yards  into  a  large  cavity,  supposed 
to  be  under  the  Monti  Rossi  craters,  and  at  any  rate  communi¬ 
cating  with  them,  and  all  forming  part  of  one  principal  fissure. 

It  is  probable  that  lava  issued  from  this  fissure  before  the  great 
outflow  commenced,  and  it  would  seem  that  there  were  many 
successive  layers,  so  that  the  core  of  this  part  at  least  of  the 
cone  is  formed  of  hard  material. 

Erom  the  Grotto  della  Palombe  there  is  a  descent  over 
black  scoriae,  now  covered  with  vines,  and  then  we  rise  upon 
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the  cones  of  the  Monti  Rossi.  The  height  of  the  principal 
cone,  according  to  my  barometric  measurement,  was  2920 
feet  above  Catania,  and  750  feet  above  Nicolosi,  or  rather  above 
the  ashes  at  the  foot  of  the  cone.  The  cone  is  now  chiefly 
composed  externally  of  fine  ashes  mixed  with  coarser  lapillge, 
and  the  ascent  is  rather  difficult  for  mules,  in  consequence  of 
the  steepness  of  the  wall  and  the  looseness  of  the  ashes. 
Once  at  the  top,  a  curious  ridge  is  seen  running  along  in  the 
direction  of  the  longer  axis  of  the  cones,  whose  horizontal 
section  is  oval,  and  which,  as  I  have  said,  form  but  one  hill. 
There  are,  however,  two  distinct  craters,  separated  by  a  ridge  of 
hard  and  tolerably  compact  lava.  The  walls  of  the  double 
crater  are  alike,  and  are  both  composed  of  stratified  tufaceous 
matter,  enclosing  innumerable  crystals  of  pyroxene,  often  quite 
perfect,  but  generally  small.  These  are  detached,  and  are 
picked  up  in  great  numbers  on  the  slopes.  Many  of  them  are 
grouped,  and  twin  crystals  are  common.  Large  parts  of  the 
interior  of  the  craters,  and  even  parts  of  the  extremity  of  the 
cones  looking  towards  Catania,  exhibit  the  most  brilliant  red, 
orange,  and  other  tints,  and  much  mineral  of  a  delicate  yellowish 
white,  enclosing  pseudomorphs  of  pyroxene. 

The  principal  crater — the  largest  in  diameter  and  the 
deepest — is  that  towards  Catania,  or  on  the  side  from  which 
the  lava  began  to  pour.  The  depth  at  present  is  325  feet 
below  the  highest  part  of  the  cone.  The^crater  presents  but 
little  compact  lava,  but  a  great  'deal  of  scoriaceous  lava  and 
numerous  detached  blocks  that  are  very  compact.  The  scoria¬ 
ceous  lavas  are  much  encrusted  with  salts  of  various  kinds, 
and  these  are  very  interesting  in  a  chemical  point  of  view, 
being  evidently  the  result  of  vapours  that  have  passed  through 
the  rocks  during  and  after  the  eruption. 

The  craters,  both  the  larger  one  to  the  south  and  the  other 
towards  Etna,  are  both  elongated,  and  tolerably  regular.  The 
ridge  between  them  is  exceedingly  narrow  at  the  top,  the 
average  width  not  exceeding  five  feet.  It  is  about  125  feet 
above  the  bottom  of  the  principal  crater,  and  therefore  200 
feet  below  the  highest  point  of  the  cone.  The  smaller  crater 
I  did  not  descend,  but  it  appeared  to  be  somewhat  less  deep 
than  the  other.  It  was  entirely  covered  by  scoriae,  and  pre¬ 
sented  less  discolouration  and  incrustation  than  the  other,  or 
northern  crater. 

On  the  whole  of  the  eastern  side  of  the  double  crater,  but 
chiefly  on  the  part  towards  the  south,  the  walls  of  the  crater 
are  distinctly  stratified,  and  consist  of  soft  grits  made  up 
of  volcanic  sand  of  various  colours,  with  crystals  of  pyroxene. 
These  beds  are  often  deeply  coloured.  They  dip  to  the  south¬ 
west  at  an  angle  often  amounting  to  45°  or  50°.  The  height  of 
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this  eastern  side  of  the  cone  is  about  sixty  feet  below  that 
of  the  western,  and  here  the  stratification  is  most  clearly  seen. 
Where  there  is  nothing  but  loose  ash,  the  angle  of  inclination 
is  about  23°,  and  of  real  solid  compact  lava  there  is  hardly  any 
near  the  summit,  though  there  is  one  nearly  vertical  dyke  near 
the  ridge,  separating  the  craters.  Nothing  can  be  more  beau¬ 
tiful  in  colour  than  the  extremity  of  both  cones  towards  the 
south,  and  it  is  evident  that  at  this  point  there  has  been  the 
largest  amount  of  chemical  change. 

On  descending  the  slope  of  loose  ash  on  the  face  of  the  cone 
towards  the  south,  the  visitor  cannot  fail  to  be  struck  by  the 
number  of  rocky  fragments  that  come  out  from  the  ash,  forming 
here  and  there  a  kind  of  rocky  wall.  This  is  the  point  at  which 
the  lava  originally  began  to  flow.  There  are  two  such  points, 
both,  no  doubt,  representing  fissures.  They  are  not  far  apart, 
but  one  is  considerably  below  the  other.  The  lava  from  both  is 
wonderfully  compact  and  hard.  It  is  evidently  in  layers,  and 
consists  of  floods  that  have  rolled  one  over  another,  leaving 
occasionally  large  open  spaces  or  caverns,  some  of  which  are 
laid  bare  either  by  quarrying  or  from  accident.  The  lava  when 
thus  seen  is  always  full  of  air-blebs  or  vesicles  at  the  actual 
surface,  at  the  centre  of  the  two  beds,  and  in  the  interior  of 
the  cavities,  but  generally  exceedingly  compact,  at  a  distance 
of  a  few  inches  from  such  surfaces. 

We  thus  see  at  the  Monti  Rossi  the  phenomena  of  the  first 
commencement  of  a  volcanic  eruption.  There  are  the  scoriae 
and  lapillae  that  were  erupted  before  and  during  the  out-pour¬ 
ing  of  the  lava,  the  great  flow  of  ashes  that  buried  the  old 
village  adjacent,  the  uplifting  of  strata  of  compacted  volcanic 
mud,  the  dykes  of  lava  in  the  interior  of  the  cone,  the  chemi¬ 
cal  changes  that  have  affected  the  scoriaceous  lavas,  and  the 
lava  itself  as  it  first  burst  out  from  the  earth,  and  moved  along 
in  a  pasty  statp  over  the  surface.  From  the  summit  of  the 
cone  one  can  distinguish  with  perfect  ease  and  with  the 
utmost  clearness  the  course  of  the  sluggish  black  flood  as  it 
crept  along  and  covered  the  surface,  leaving  blackened  and  still 
uncultivabie  rocks  along  the  whole  distance  between  the  cones 
and  the  sea  coast.  W  e  can  trace  it  as  it  swept  round  a  much 
older  volcanic  cone,  half  a  mile  distant  from  the  newly-raised, 
mountain,  and  observe  the  outline  as  it  again  united  and 
advanced  towards  Catania.  Let  us  next  endeavour  to  make 
out  the  condition  of  the  mass  when  it  reached  the  end  of  its 
course,  and  after  advancing  thirteen  miles,  entered  the  sea  and 
was  lost  sight  of.  All  is  laid  bare,  everything  is  as  clear  as  if 
it  had  happened  yesterday,  and  though"  to  some  a  bird's-eye 
view  of  Sicily  from  the  summit  of  the  giant  mountain  may 
have  greater  charms,  a  few  hours  spent  in  the  investiga- 
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tion  of  the  lava  current  of  the  Monti  Bossi  will  he  much  more 
instructive  to  the  geological  student. 

Between  this  cone  of  1699  and  the  summit  of  Etna,  there 
is  no  evidence  of  modern  eruption,  and  nothing  but  a  repeti¬ 
tion  of  similar  phenomena  of  great  though  unknown  dates. 
There  is  very  little  difficulty  in  following  the  course  of  the 
modern  eruptions,  as  they  have  rarely  interfered  with  each 
other  or  crossed  each  other's  courses. 

Near  Catania,  and  within  the  town,  there  are  matters  of 
great  interest  connected  with  the  lava- current  of  1699.  The 
lava  reached  the  western  extremity  of  the  town.  Diverging  at 
a  small  rise  in  the  ground  it  formed  two  currents,  one  over¬ 
topping  the  town  wall  at  least  sixty  feet,  and  running  over. 
The  wall,  however,  was  not  overthrown,  but  may  still  be  seen 
little  altered,  with  the  strata  of  lava  not  touching  it,  though 
coming  quite  close  to  it  on  the  side  towards  the  sea.  Else¬ 
where,  the  lava  threw  down  the  walls  and  entered  the  city. 

Creeping  on,  it  at  length  passed  beyond  the  coast  line, 
entering  the  sea  and  connecting  a  small  rock,  on  which  was  a 
castle,  with  the  mainland.  The  castle  and  the  bridge  thus 
formed  still  remain,  but  'there  is  now  no  appearance  of  an 
interval.  The  breadth  of  the  lava  was  here  nearly  two  miles, 
and  the  tongue  of  rock,  forced  onward  in  a  semi-fluid  state, 
extended  far  into  the  sea.  The  present  lighthouse  is  built 
on  the  furthest  extremity  of  it ;  and  the  whole  of  that  portion 
from  the  castle  onwards  that  has  not  been  actually  built  upon, 
exhibits  a  most  striking  and  extraordinary  illustration  of  the 
surface  of  a  flood  of  lava.  It  is  utterly  barren,  except  that  at 
distant  intervals  there  are  a  few  patches  of  yellow  lichen.  It  is 
so  rugged  that  one  can  only  walk  over  it  with  difficulty,  and  at 
the  risk  of  cutting  the  leather  of  one's  boots,  and  breaking  a 
limb  if  one  should  chance  to  fall.  It  is  also  fissured  here  and 
there  with  deep  chasms.  These  latter  were  probably  produced 
during  rapid  cooling,  and  perhaps  the  mass  was  partly  cooled 
in  the  water,  steam  at  a  very  high  temperature  having  been 
formed  beneath,  and  tearing  asunder  large  fragments. 

I  noticed  in  one  spot  a  column  of  marble  that  had  originally 
formed  part  of  some  building  still  remaining  in  its  place,  and 
still  vertical,  but  buried  in  a  whitish  and  altered  rock,  and 
covered  entirely  by  horizontal  beds  of  lava.  The  substance 
below  had  been  partly  worn  away  by  the  weather,  and  the 
column  was  laid  quite  bare.  The  lava  above  was  compact  and 
unaltered. 

In  the  field  of  lava  thus  presented,  there  is  abundant  evi¬ 
dence  of  the  successive  layers  by  which  the  whole  mass  has  been 
accumulated.  At  various  places  the  surface  has  been  broken 
away  for  building  purposes,  and  then  we  invariably  see  com- 
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pact  bands  (scoriaceons  both  above  and  below),  alternating*  with 
each  other.  Large  cavities  are  occasionally  shown,  and  near 
these  the  rock  is  full  of  air  on  the  inner  surfaces,  though  the  walls 
inclosing  them  are  often  extremely  rough  and  rugged.  Where 
the  sea  has  access,  it  has  taken  advantage  of  the  cavities,  and 
has  undermined  the  rock  to  some  extent,  but  few  substances 
are  so  well  able  to  resist  the  action  of  the  waves  as  compact 
lava,  whether  of  ancient  or  modern  date. 

Some  expressions  occasionally  made  use  of  in  speaking  of 
lava  currents  are  extremely  inaccurate.  Such  a  thing  as  a  flood 
or  rush  of  lava  has  never  been  known  in  nature.  Lava  issues 
but  slowfy  from  the  earth,  and  even  when  it  moves  down  the 
steepest  slope  it  advances  very  slowly  close  to  the  point  of  issue. 
That  which  overspread  Catania  moved  with  unusual  rapidity, 
but  it  required  twenty  days  to  travel  its  first  eleven  miles,  with 
an  average  fall  of  one  in  twenty-five.  The  remainder  of  the 
distance  (two  miles)  required  twenty- three  days  more.  Even 
in  very  rapid  flows,  at  their  most  rapid  rate,  four  hundred 
yards  an  hour,  or  about  twenty  feet  in  a  minute,  would  be  an 
extraordinary  pace.*  Far  more  commonly  the  rate  is  not  more 
than  three  or  four  feet  per  minute,  and  often  it  is  very  much  less. 
A  current  of  lava,  therefore,  although  it  may  occasionally  do 
great  mischief,  can  hardly  arrive  at  any  spot  without  ample 
notice.  This  is  not  the  case  with  the  ashes  and  other  sub¬ 
stances  erupted,  or  with  earthquakes.  The  former  are  often 
so  abundant  and  come  on  so  rapidly  and  unexpectedly  that 
they  entirely  bury  and  destroy  villages  and  towns.  The  latter 
devastate  large  areas,  and  are  much  more  destructive  than  the 
lava- currents,  commencing,  as  they  do,  without  any  warning. 

Thus,  then,  we  have  in  the  phenomena  that  now  remain  of 
the  Etna  eruption  of  1669,  nearly  two  centuries  ago,  a  con¬ 
nected  history  of  one  of  the  earliest  great  volcanic  disturbances 
that  has  been  minutely  recorded  in  modern  times.  The  disturb¬ 
ances  commenced  with  earthquakes,  which  affected  extensive 
areas.  Large  quantities  of  aqueous  vapour,  and  various  gases 
were  erupted  from  long  and  wide  clefts  in  the  earth."  Fine  dust 
was  carried  to  a  great  distance,  and  spread  deeply  over  the 
surxace.  Enormous  quantities  of  ashes  and  scoriae  were  thrown 
up  in  the  air,  and  fell  upon  the  spot  where  the  eruption  began. 
These  last  accumulating  round  solid  fragments  of  rock  thrust 
up  from  below,  and  being  intersected  by  melted  lava  not  yet 
erupted,  formed  at  length  a  large  and  lofty  hill  which  has 
remained  to  this  day  with  very  little  change.  After  all  this 
came  forth  the  lava-current,  a  semi-fluid  mass  of  solid  crys¬ 
tals  buried  in  a  tenacious  glassy  paste,  oozing  out  from  the 

Lava,  however,  has  been  known  to  descend  short  distances  on  a  slope  of 
25'  at  the  rate  of  three  feet  per  second. 
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clefts  and  crevices  produced  by  the  pressure  upwards  of  the 
pent-up  steam  and  gases,  and  thus  forced  above  the  surface. 
Unable  to  accumulate  there,  the  layers  of  this  paste  rapidly  suc¬ 
ceeding  one  another,  spreading  over  the  earth,  taking  soon  a 
definite  direction,  and  lazily  pushing  themselves  along,  filling  up 
inequalities,  and  at  length  covering  and  burying  villages,  cul¬ 
tivated  lands,  pools,  streams,  and  springs,  and  terminating  only 
under  the  sea. 

Such  as  it  was  ten  years  after  the  eruption  had  ceased, 
this  lava- current  remains  now  a  great  desolate  tract  of  black 
cinder,  exhibiting  in  every  part  the  history  of  the  event  to 
which  it  was  due,  and  illustrating  one  of  the  great  powers  of 
nature.  The  whole  of  the  country  around  Etna  is  the  result  of 
a  succession  of  such  actions,  extending*  over  a  part  of  the  tertiary 
period  into  modern  times.  Geologically,  Etna  is  not  old, 
although  there  is  no  evidence  to  show  the  exact  date  of  its 
earliest  eruptions.  They  probably  began  with  little,  and  have 
become  greater  as  the  mass  of  erupted  matter  increased.  It  is, 
however,  remarkable,  that  of  all  the  many  cones  and  craters  with 
which  the  surface  is  covered,  the  great  central  crater  of  Etna  is 
that  which  still  communicates  most  directly  with  the  interior 
exhibiting  this  by  the  emission  of  constant  vapour  and  gases’ 
The  numerous  subordinate  and  lower  craters,  once  so  noisy  and. 
active,  have  long  since  been  choked  up,  but  this  remains. 
There  have  been  many  eruptions  of  ashes  and  lava  from  the 
principal  crater  within  the  last  hundred  years,  though  the  chief 
lava-currents  have  come  from  fissures  at  a  much  lower  part  of 
the  mountain. 

My  object  in  this  notice  has  not  been  to  reproduce  the 
accounts  of  the  eruption  of  1669,  which  are  well  known  to  geo¬ 
logists  and  are  easily  accessible.  I  have  wished  rather  to  show 
that  the  student  of  .geology  at  the  present  day  may  still  learn 
from  indications  of  the  event  yet  remaining  a  number  of  valu¬ 
able  lessons.  A  comparison  of  this  eruption  and  its  attendant 
phenomena,  with  the  smaller,  but  not  unimportant  eruption  of 
Etna  that  took  place  last  year,  made  by  an  eye-witness  of  the 
present  state  of  the  mountain,  may  be  interesting  to  the  readers 
of  the  Intellectual  Observer,  and  I  hope  to  be  able  at 
another  time  to  communicate  the  results  of  my  visit  to  the  other 
side  of  Etna. 
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;  PRE-HISTORIC  MAN  IN  FRANCE  * 

Amongst  the  recent  losses  to  science  which  have  been 
occasioned  by  death,  that  of  Mr.  Henry  Christy  was,  from  his 
early  age  and  talent,  one  of  the  most  deplorable.  He  rendered 
distinguished  services  to  geology  and  archaeology  by  the  zeal 
and  liberality  with  which  he  conducted  and  promoted  researches 
in  the  valley  of  the  Dordogne ;  and  as  the  preface  to  the  first 
part  of  the  Peliquice  Aquitanicce  states  “  he  was  carried  off  in 
the  midst  of  his  self-imposed  and  well-directed  work,  by  acute 
illness,  brought  on  by  over  exertion  in  a  visit  to  the  Belgian 
bone  caves,  not  long  after  the  first  few  sheets  of  this  book  had 
been  put  into  the  printer’s  hand.”  We  are  further  informed 
that  he  had  arranged  its  style  and  mode  of  publication.  Many 
of  the  plates  had  been  drawn  and  lithographed  in  Paris  under 
his  and  M.  Lartet’ s  superintendence,  and  of  some  he  had  pre¬ 
pared  descriptions.  DponM.  Lartet  devolves  the  task  of  com¬ 
pleting  this  splendid  work,  which  will  be  edited  by  Professor 
Rupert  Jones.  “Mr.  Henry  Christy’s  executors,  desirous  of 
fully  carrying  out  the  last  wishes  of  their  brother,  are  resolved 
to  give  every  assistance  in  producing  the  book  in  the  style  he 
contemplated.”  Every  reader  must  feel  a  tinge  of  sadness  at 
the  in  memoriam  character  thus  given  to  a  work  which  it  was 
hoped  Mr.  Christy,  as  well  as  M.  Lartet,  would  have  lived  to 
finish,  and  to  enjoy  that  honourable  recompense  of  praise  which 
awaited  its  publication.  The  determination,  of  Mr.  Christy’s 
executors  to  carry  out  his  design  will  meet  with  general 
sympathy,  and  we  congratulate  them  on  the  issue  of  the  first 
part,  which  is  produced  with  as  much  beauty  of  type,  paper, 
and  illustration  as  the  most  ardent  admirer  of  their  brother 
could  desire. 

After  some  preliminary  observations,  the  work  begins  with 
a  description  of  the  physical  features  of  the  Dordogne  district. 
It  is  now  accessible  by  the  rail  from  Paris,  through  Orleans, 
Limoges,  and  Perigueux.  “  After  passing  the  last-named  town 
about  eighteen  miles,  and  descending  the  valley  of  the  Veezre, 
between  the  stations  of  Aliremont  and  Les  Eyzies,  the  eye  is 
struck,”  say  the  writers,  “  by  the  sudden  change  which  affects 
the  physical  aspects  of  the  country.  The  two  sides  of  the 
valley  rise  in  great  escarpments  of  massive  rock,  more  or  less 
interrupted  by  ancient  falls.  Their  summit  is  usually  crowned 
by  projecting  cornices,  below  which  are  great  horizontal  niches 
or  hollow  flutings.”  These  curious  “  fiutings”  are  exhibited 

#  HeliquuE  Aquitanicce ;  being  contributions  to  the  Archaeology  and  Palaeon¬ 
tology  of  Perigord,  and  the  adjoining  Provinces  of  Southern  France.  Py  Edouard 
Lartet  and  Henry  Christy.  Bailliere. 
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on  both  sides  of  the  valley,  and  at  first  sight  suggest  the  idea 
that  they  are  lines  of  erosion  resulting  from  strong  water- 
streams.  They  are,  however,  traced  to  the  tendency  of  the 
fluted  beds  to  scale  off  under  the  influence  of  weather  changes. 
In  the  valley  thus  bounded  are  numerous  caves  and  recesses, 
as  is  common  in  calcareous  formations,  and  remains  still  exist 
of  the  Rock  of  Tayac,  a  mediaeval  fortress  hollowed  out  of  the 
rock,  and  which  sustained  more  than  one  siegce. 

The  caves  examined  by  MM.  Lartet  and  Christy  are  situated 
in  the  United  Communes  of  Les  Eyzies  and  Tayac,  and  in  the 
adjacent  communes  of  Tarzac  and  Peyzac.  The  remains  of 
human  industry  discovered  in  these  caves  are  not  uniform  in 
character,  “  although  within  the  chronological  division  of  simply 
worked  stone,  without  the  accompaniment  of  domestic  animalsU 
Thus  at  Laugerie  Haute  worked  flints,  like  lance-heads  were 
comparatively  abundant,  but  there  there  were  no  implements  of 
.reindeer  horn,  though  the  latter  were  “found in  great  numbers 
at  Laugerie  Basse,  at  La  Madeleine,  and  at  Les  Eyzies,  where 
scarcely  any  of  the  flint  lance-heads  have  been  met  with.” 

Sculptured  figures  of  animals  have  as  yet  only  been  found 
at  three  stations— Les  Eyzies,  Laugerie  Basse,  and  La  Made¬ 
leine.  The  cave  of  Moustier  yielded  worked  flints  of  a  special 
type,  and  others  like  those  common  at  St.  Acheul  and  Abbe¬ 
ville,  but  no  worked  bone  or  sculptured  animal  figure.  “  Never¬ 
theless  the  fauna  of  the  several  stations  appears  to  be  almost 
the  same,  only  at  Moustier  the  reindeer  is  less  dominant 
numerically  than  at  the  two  Laugeries,  at  La  Madeleine,  and 
at  Les  Eyzies. ■”  Separate  plates  of  the  molar  tusk  of  the 
elephant  (elephas  gprimigenius)  have  been  found  at  all  the  five 
stations  ;  worked  ivory  has  been  met  with  at  Les  Eyzies  and 
La  Madeleine,  and  at  Laugerie  Basse  a  portion  of  the  pelvis  of 
an  elephant. 

No  bone  of  a  domestic  animal  has  been  found  in  either  of 
the  five  stations  mentioned,  neither  have  any  of  the  stone  im¬ 
plements  an  artificial  polish.  “  These  two  circumstances,”  say 
the  writers,  “  suffice  to  distinguish  definitely  this  first  period 
of  the  age  of  stone  simply  worked,  from  the  second  period, 
when  polished  stone  comes  before  us,  together  with  domestic 
animals  and  habits  of  agriculture  quite  unknown  to  the  earlier 
natives^'’  In  a  note  it  is  suggested  that  the  men  of  the  first 
period  may  not  have  been  ignorant  of  the  art  of  polishing 
stones,  although  they  did  not  polish  their  implements.  Between 
the  two  periods,  MM.  Lartet  and  Christy  consider  a  great  lapse 
of  time  must  have  occurred  to  account  for  the  disappearance 
of  the  reindeer,  of  which  no  traces  occur  in  the  lake  dwellings 
of  Switzerland,  or  in  caves  of  the  same  age. 

In  certain  cases  the  animal  remains  found  in  the  caves  may 


134 


P re- -Historic  Man  in  France. 


have  "been  transported  to  them  by  carnivorous  beasts,  and  in 
others  the  supposition  of  their  having  been  transported  thither 
by  floods  and  torrents  may  be  admissible  ;  but  in  many  cases 
the  presence  of  works  of  industry  bear  testimony  to  the  action 
of  man. 

The  Reliquiae  Aquitanicce  are  issued  in  a  quarto  form,  which 
gives  ample  space  for  large  illustrations.  In  the  first  part  we 
find  four  plates  of  stone  implements,  and  two  of  bone  imple¬ 
ments.  The  figures  of  flints  represent  the  blocks  from  which 
the  flakes  have  been  struck,  and  the  various  forms  of  the 
weapons  produced  by  more  or  less  elaborate  working.  The 
bone  implements  figured  consist  of  barbed  arrow  or  spear¬ 
heads^  and  pieces  of  bone  sculptured  with  figures  of  fish  and 
quadrupeds,  and  in  one  instance  with  a  human  figure.  The 
drawing  of  these  figures  indicates  considerable  practice  in  deli¬ 
neating  living  objects,  and  the  figures  are  by  no  means  desti¬ 
tute  of  expression. 

The  human  figure  occurs  on  one  side  of  a  cylindrical  rod, 
in  company  with  the  heads  of  two  animals  referred  to  the 
bovine  genus,  two  horses^  heads,  and  an  object  which  may  be  a 
serpent  or  an  eel.  This  is  a  highly  curious  work  of  art,  and 
the  human  figure  is  not  badly  outlined,  though  details  of  the 
face  are  omitted. 

JWhen  costly  works  like  that  of  MM.Lartet  and  Christy  cornu 
before  us,  we  cannot  help  regretting  that  our  country  has  not 
sufficiently  advanced  in  civilization  to  possess  many  public 
libraries  likely  to  purchase  it.  Rich  collectors  gladly  buy 
expensive  books  of  this  kind,  and  they  ought  to  be  made 
generally  accessible  to  students  by  public  libraries  in  every 
town. 
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BY  HENRY  J.  SLACK,  F.G.S.,  MEMBER  OF  THE  COUNCIL  OF  THE 
MICROSCOPICAL  SOCIETY  OF  LONDON. 

The  classical  scholar  will,  I  am  afraid,  at  first  object  to  the 
collocation  of  such  terms  as  “  geology  of  the  moonT  He 
might  accept  selenology  for  the  science  meant,  just  as  seleno¬ 
graphy  has  been  accepted  as  the  appropriate  designation  of 
the  art  of  depicting’  lunar  formation ;  but  geology  he  will  say 
is  a  discourse  about  this  earth,  and  the  Greek  word  from  which 
the  first  half  is  derived  cannot  be  made  to  comprehend  the 
moon.  It  does,  however,  seem  reasonable  that  we  should 
consider  all  celestial  bodies  of  the  same  class,  such  as  primary 
and  secondary  planets  under  one  generic  appellation,  “  earths,-” 
and  if  so,  we  might  speak  of  comparative  geology”  as  the 
science  which  considers  them  as  members  of  the  same  group.* 
By  and  by,  perhaps,  we  shall  have  ec  heliology”  to  designate 
the  science  which  endeavours  to  unfold  the  structure  of  the 
sun,  and  if  so,  “  comparative  heliology”  may  be  admissible  to 
describe  the  science  which  seeks  to  elucidate  the  compara¬ 
tive  structure  of  all  bodies  which  may  be  collectively  termed 
suns. 

It  is  impossible  to  look  at  the  moon  without  instituting 
comparisons  between  the  mountains,  plains,  and  cavities  of 
that  body  and  those  of  our  earth;  but  certain  preliminary 
inquiries  seem  necessary  before  we  can  arrive  at  any  conception 
of  the  extent  to  which  such  comparisons  are  likely  to  hold 
good.  Suppose,  for  example,  the  nebular  hypothesis  is 
assumed  as  the  basis  of  such  investigations,  we  should  then 
refer  both  the  moon  and  the  earth  back  to  some  enormously 
remote  period,  when  they  were  condensed  from  a  vaporous 
condition  to  one  of  a  fluidity  and  plasticity  resulting  from  heat. 
Such  may  have  been  the  origin  of  our  globe,  but  vain  would  be 
the  search  for  specimens  of  the  first  solidified  crust.  Probably 
no  portions  of  the  earth  which  we  can  get  at,  by  ascending  its 
mountains  or  mining  into  its  depths,  represent  the  original 
solids  that  were  first  formed  by  the  cooling  and  contraction  of 
the  ignited  fluids,  which,  according  to  the  nebular  hypothesis, 
were  the  parents  of  the  earliest  solid  forms.  Changes  from 
water  action,  which  must  have  been,  in  geologic  time,  long 
posterior  to  any  incandescent  state  of  the  earth  A  surface; 

*  Sir  J.  Herschel  uses  the  term  “  geology  of  the  moon  j”  so  it  may  be  con¬ 
sidered  established.  Astronomy ,  7th  Edit.,  p.  2S3. 
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changes  from  chemical  and  electrical  action  rearranging  the 
molecules  of  solids  ;  these  may  have  gone  for  unknown 
cycles  of  ages  modifying  and  remodifying  all  the  matter 
accessible  to  us,  which  may  have  originally  resulted  from  the 
various  steps  and  stages  of  nebular  condensation. 

In  the  address  recently  delivered  by  the  late  President*  of 
the  Geological  Society,  he  suggested  the  probability  that  the 
earliest  plastic  condition  of  the  earth  of  which  we  find  traces,  may 
have  resulted  from  aqueous  and  not  from  igneous  causes.  Were 
this  proved  to  be  the  case,  it  would  not  follow,  as  he  intimated, 
that  the  earth  was  not  once  an  incandescent  ball,  the  cooling 
of  which  proceeded  from  the  circumference  towards  the  centre. 
.All  that  we  should  be  entitled  to  affirm  from  the  most  con¬ 
vincing  proof  that  many  of  the  rocks  now  called  igneous  were 
of  aqueous  origin,  would  be,  that  the  traces  of  the  pre-existent 
state  had  disappeared  through  the  successive  operation  of 
causes  in  which  fire  played  a  secondary,  and  not  a  primary 
part.  The  assumption  that  the  earth  was  once  fluid,  or  pasty, 
from  heat,  is  quite  consistent  with  a  second  assumption  that 
the  principal  cause  of  plasticity  in  ages  long1  posterior  to  those 
of  fire,  may  have  arisen  from  a  partial  solution  of  materials,  in 
which  water  was  the  chief  agent. 

If  these  theoretical  views  be  provisionally  accepted,  there 
may  have  been  two  terrestrial  periods  of  more  or  less  plas¬ 
ticity,  an  igneous  and  an  aqueous  one,  and  our  times  may  be 
so  far  down  in  the  aqueous  ages  that  we  may  not  be  able  to 
trace  any  strata  so  far  back  as  even  to  approach  the  com¬ 
mencement  of  the  aqueous  period. 

Looking  from  the  earth  to  the  moon,  we  must  be  struck  with 
evidences  of  great  plasticity  having  prevailed  when  numerous 
tracts  of  selenian  scenery  were  shaped  into  a  prodigious  number 
of  craters,  with  lofty  walls  bearing  greater  or  less  traces  of  sub¬ 
sequent  change.  Mere  violence  of  explosion  without  a  greater 
plasticity  than  we  are  acquainted  with,  through  terrestrial 
formations,  could  scarcely  account  for  what  is  observed.  The 
volcanoes  of  the  Sandwich  Islands,  and  those  of  Central 
France,  so  ably  elucidated  by  Mr.  Scrope,  bear  the  greatest 
resemblance  in  character  to  lunar  craters;  but  even  the  former 
are  pigmies  in  point  of  breadth,  and  were  probably  formed 
under  different  conditions  of  plasticity  in  the  crust  of  the 
globe  to  which  they  belong. 

A  volcanic  cone  might  be  formed  under  some  circumstances 
as  a  “  crater  of  elevation;”  and  Yon  Buch,  Elie  do  Beaumont, 
and  others  have  conceived  our  terrestrial  volcanoes  to  have 
had  such  an  origin.  A  <c  crater  of  elevation  ”  means  a  cone 
formed  by  raising  up  in  a  huge  bubble,  strata  that  were  pre- 

#  Mr.  Hamilton. 
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viously  horizontal,  and  throwing  out  any  matter  that  might 
occupy  the  central  part.  As  Sir  C.  Lyell  and  Mr.  Scrope 
have  showily  our  volcanoes  do  not  exhibit  the  appearances 
that  would  indicate  such  an  origin;  and  the  more  probable 
opinion  is  that  they  were  formed  by  outpourings  of  matter 
through  volcanic  vents.  f<r  In  the  Sandwich  Islands/'  to 
which  we  have  referred;  Sir  C.  Lyell  sayS;  we  have  examples 
of  volcanic  domes  15;000  feet  high;  produced  by  successive 
outpourings  from  vents  at  or  near  the  summit."  *  “  The 

usual  slope  of  these  sheets  of  lava  is  between  5°  and  10°; 
but  Mr.  Dana  convinced  himself  that  owing  to  the  suddenness 
with  which  they  cool  in  air;  some  lavas  may  occasionally 
form  on  slopes  equalling  25°;  and  still  preserve  a  considerable 
compactness  of  texture.  It  is  e^en  proved  he  sayS;  from  what 
he  saw  in  the  great  lateral  crater  of  Kilauea;  on  the  flanks  of 
Mount  Loa;  that  a  mass  of  such  melted  rock  may  consolidate 
at  an  inclination  of  30°;  and  be  continuous  for  300  or  400  feet. 
Such  masses  are  narrow;  he  admits,  but  if  the  lava  had  been 
more  generous,  they  would  have  had  a  greater  breadth,  and 
by  a  succession  of  ejections  overspreading  each  cooled  layer,  a 
considerable  thickness  might  have  been  obtained."!  Mr. 
Darwin,  likewise,  describes  in  the  Galapagos  Islands,  hills  com¬ 
posed  of  tuff  which  must  have  flowed  like  mud,  and  yet  con¬ 
solidated  at  inclination  of  20°  or  30°. 

If  a  volcanic  cone  were  formed  by  elevation  of  hard  horizontal 
strata,  they  would  be  cracked  in  directions  radiating  from  the 
centre  of  the  elevating  force  ;  and  Sir  J.  Herschel  says,  that  in 
Lord  Bosse's  telescope  the  exterior  of  the  lunar  mountain 
Aristillus  is  all  hatched  over  by  deep  gullies  radiating  towards 
its  centre. 

Our  terrestrial  craters  are  of  various  ages,  but  none  date 
back  to  the  remoter  periods  of  the  world's  history,  which 
preceded  the  deposition  of  sedimentary  rocks.  But  while  all 
our  terrestrial  volcanoes  belong  to  the  period  of  aqueous  stratified 
rocks,  what  are  we  to  say  concerning  those  of  the  moon  ? 
Did  they  originate  in  a  period  preceding  that  of  aqueous 
stratification,  if  such  a  period  as  this  last  ever  existed  in  our 
satellite,  or  are  they  referable  to  a  period  of  aqueous  strati¬ 
fication  that  has  passed  away  ? 

If  they  do  not  belong  to  any  period  of  aqueous  stratifica¬ 
tion,  they  cannot  admit  of  any  close  comparison  with  our 
own  volcanoes.  Supposing  the  nebular  and  condensation 
theory  of  planetary  formation  to  be  true,  a  period  of  igneous 
stratification  may  have  existed  in  the  earth  or  moon  before  the 
period  of  aqueous  stratification  arrived.  Melted  matter  in  cool¬ 
ing  tends  to  arrange  in  layers  corresponding  with  the  specific 
*  Principles  of  Geology ,  9th  Edit.,  p.  419.  t  Ibid. ,  p.  383. 
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gravities  of  the  various  substances  in  fusion,  and  it  is  plain 
that  strata  might  be  formed  and  dislocated  by  igneous  as 
well  as  by  mixed  aqueous  and  igneous  means. 

Many  of  the  terraced  crater  walls  in  the  moon  correspond 
with  what  we  should  expect  if  they  originated  from  successive 
ejections  through  volcanic  vents,  but  if  they  were  formed  under 
general  conditions  similar  to  those  of  terrestrial  volcanic  acti¬ 
vity,  it  is  very  remarkable  that  all  should  now  seem  extinct,  or 
that  we  should  have  only  faint  and  scarcely  conclusive  evidence 
that  any  of  them  are  still  in  active  operation.  If  the  Selenians 
have  watched  our  earth  for  the  last  thirty  or  forty  years, 
through  tolerable  telescopes,  they  must  have  witnessed  consi¬ 
derable  volcanic  change,  as  about  twenty  volcanic  eruptions  are 
estimated  to  occur  in  each  year,  and  yet  their  globe  or  the  half 
of  it  we  see  has  been  as  quiet  (in  appearance)  as  if  all  its  ener¬ 
gies  were  dead. 

The  inquiry  whether  the  moon  has  now  or  has  ever  had  an 
epoch  of  aqueous  stratification  is  by  no  means  easy.  Many  of 
the  “  water  tool  marks,”  as  Mr.  Campbell  would  call  them,  that 
can  be  discerned  on  our  globe  could  scarcely  be  discriminated 
on  the  moon  with  present  optical  means.  The  Sinus  Xridum 
looks  much  like  a  hollow  worn  by  water  on  a  rocky  coast,  but 
similar  general  appearances  might  result  from  fusion,  irregular 
cooling,  and  explosive  escape  of  gaseous  matter.  Near  Aristar¬ 
chus  is  a  wriggling,  precipitous  valley  that  puts  us  in  mind  of 
the  Canons  of  the  Colorado,  but  how  shall  we  distinguish  this 
and  similar  formations  from  the  cracks  that  occur  in  castings, 
and  which  are  sometimes  curved  ? 

Sir  J.  Herschel  observes  concerning  lunar  craters  that  “their 
enormous  and  vast  depth  are  easily  reconcileable  with  what 
we  know  of  the  special  conditions  which  prevail  on  the  moon's 
surface.  For  while  on  the  one  hand  the  force  of  volcanic  ex¬ 
plosion  and  ejection  is  nowhere  dependant  on  the  total  mass 
of  the  planetary  body  on  which  the  volcano  may  subsist,  the 
repressing  power  to  prevent  an  outbreak,  which  is  the  weight 
of  the  incumbent  matter,  is  only  about  one-sixth  of  what 
an  equal  mass  of  overlying  matter  would  exert  on  the  earth.-” 
He  likewise  mentions  the  greater  distance  to  which  erupted 
matter  might  be  carried  in  the  moon,  and  the  absence  of  the 
resistance  afforded  by  our  atmosphere.  Such  considerations 
are  highly  important ;  but  does  not  the  regularity  of  hun¬ 
dreds  of  adjacent  craters  require  us  to  believe  that  when 
they  were  formed,  the  moon's  surface  was  not  in  a  hard,  brittle 
state  ? 

The  question  of  the  possible  existence  of  masses  of  fluid 
on  the  moon  is  usually  narrowed  to  the  consideration  of 
whether  water  is  there.  The  lunar  climate  forbids  the  idea 
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that  water.,  or  snow,  or  glacial  ice  exists  there  now,*  whatever 
may  have  been  the  case  in  past  times.  Sir  J.  Herschel  says, 
“  The  climate  of  the  moon  must  be  very  extraordinary ;  the 
alternation  being  that  of  unmitigated  and  burning  sunshine, 
fiercer  than  an  equatorial  noon,  continued  for  a  whole  fort¬ 
night,  and  the  keenest  severity  of  frost,  far  exceeding  that  of 
our  polar  winters  for  an  equal  time  A  If  water  in  any  of  the 
forms  in  which  we  know  it,  existed  on  our  satellite,  the  heat  of 
the  lunar  day  would  abundantly  evaporate  it,  and  the  first 
touch  of  the  cold  of  the  lunar  night  would  precipitate  it  in  clouds 
and  tremendous  floods  of  rain,  or  lumps  of  ice.  At  the  moment  of 
a  lunar  region  passing  into  night  or  day,  these  changes  would  be 
violent,  and  would  surely  be  seen  to  some  extent  by  terres¬ 
trial  observers.  They  would,  moreover,  produce  enormous 
abrasions  and  degradations  of  surfaces,  of  which  evidence  would 
appear. 

The  supposition,  that  although  water  in  its  various  forms 
does  not  now  exist  in  the  moon,  it  may  have  been  there  in 
former  times,  and  may,  by  river  and  glacial  action,  have 
modified  the  surface,  is  very  difficult  to  deal  with.  When  we 
can  get  no  specimens  of  alluvial  soil,  can  the  general  aspect  of 
a  country  imperfectly  seen,  by  reason  of  great  distance,  do 
more  than  suggest  an  hypothesis  to  be  lightly  held  ?  And  if 
certain  lunar  formations  are  ascribed  to  glacial  action,  how 
shall  the  theory  be  satisfactorily  tested  ?  On  the  earth,  such 
action  is  presumed  from  a  number  of  indications,  many  of 
which  must  elude  our  investigation  when  directed  to  a  distant 
body.  Scratches  and  grooves  made  in  hard  rocks  by  glacial 
ice  could  not  be  detected,  nor  could  the  polish  of  surfaces, 
from  a  similar  cause.  The  spread  of  gravel  and  drift  we  could 
not  hope  to  discern;  but  large  moraines,  containing  a  great 
quantity  of  large  blocks,  might  be  visible,  but  no  special 
water-marks  upon  them  would  be  within  reach  of  our  largest 
instruments.  Who,  for  example,  could  tell  a  rounded  boulder 
from  a  sharp-angled  rock  240  miles  off?  And  few  observers 
can  see  the  moon  as  near  as  that,  or  anything  like  it.  Mr.  Webb, 
in  his  Celestial  Objects,  well  observes,  “  The  Moon  Committee 
of  the  British  Association  have  recommended  a  power  of  1000 ; 
few  indeed  are  the  instruments  or  the  nights  that  will  bear  it ; 
but,  when  employed,  what  will  be  the  result  ?  Since  increase 
of  magnifying  power  is  equivalent  to  decrease  of  distance,  we 
shall  see  the  moon  as  large  (though  indistinct)  as  if  it  were 
240  miles  offA  What  should  we  think  of  a  geologist  who  dis¬ 
cussed  the  action  of  extinct  glaciers  in  Wales,  or  the  parallel 
roads  of  Grlenroy  from  the  appearance  they  presented  through 

*  This  remark  refers  to  the  half  of  the  moon  which  we  see.  No  reference  is 
made  to  the  speculation  concerning  the  character  of  the  invisible  side. 
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a  tourist’s  telescope,  some  ten  miles  from  tlie  object  lie  under¬ 
took  to  investigate?  The  details — as  we  call  them — we  may 
observe  in  the  moon,  would  appear  large  features,  if  we  were 
near  them,  and  real  details  must  (with  present  means)  remain 
unknown. 

It  is  possible  that  a  fluid  may  exist  in  the  moon  which  does 
not  give  off  appreciable  quantities  of  vapour,  even  at  her 
enormous  day  temperature.  A  modification  of  the  molecular 
condition  of  fluids  we  are  acquainted  with,  greatly  affects  their 
boiling  points  and  vaporisibility.  Thus,  water  evaporates  in 
dry  air,  even  when  in  the  condition  of  extremely  cold  ice. 
Add  to  that  water,  in'  certain  proportions,  the  substance  called 
anhydrous  sulphuric  acid,  which  melts  at  65°,  and  boils  at 
110°;  *  and  the  compound,  strong  sulphuric  acid,  gives  off  no 
vapour  at  common  temperatures,  and  does  not  boil  below  640°. 
If,  however,  there  should  be  a  fluid  on  the  moon  which  does 
not  evaporate  under  solar  heat,  there  could  be  none  of  the 
circulation  which  belongs  to  a  system  of  rains  and  rivers,  and 
thus  the  geological  phenomena  of  denudation,  arising  from 
incessant  water  motion,  would  not  be  observed. 

Attempts  to  unravel  the  mysteries  of  lunar  geology  should 
be  consistent  with  the  whole  group  of  lunar  appearances.  For 
example,  if  one  observer  fancies  he  traces  existing  glaciers,  and 
another  thinks  he  finds  proof  of  wave  action  and  coast  forma¬ 
tion,  while  a  third  treats  the  great  volcanic  region  spread 
around  Tycho,  as  evidencing  igneous  forces  acting  on  a  surface 
plastic  from  heat,  it  is  evident  that  such  observers  refer  to 
conditions  not  likely  to  be  contemporaneous.  The  action  of 
existing  glaciers  is  not  compatible  with  the  probabilities  of 
lunar  climate,  but  putting  that  aside,  it  is  not  likely  that  one 
part  of  the  moon’s  surface  belongs  to  a  purely  igneous  period 
of  plasticity,  and  that  adjacent  surfaces  belong’  to  a  period  of 
aqueous  plasticity.  If  one  period  followed  the  other,  it  is  of  course 
possible  that  we  might  witness  the  early  work  of  the  aqueous 
period,  during  which  the  primitive  igneous  work  would  remain 
in  certain  districts  unchanged.  But  there  is  no  evidence  of 
present  aqueous  action,  and  therefore,  if  part  of  the  surface  we 
see  is  referable  to  the  igneous  period,  which  preceded  the  con¬ 
densation  of  vapour  into  water,  and  another  part  belongs  to  an 
aqueous  period,  this  aqueous  period  must  have  passed  away 
before  it  had  time  to  obliterate,  as  it  has  done  on  the  earth,  the 
special  lire  marks  belonging  to  the  date  at  which  the  first 
mountains  were  formed  by  the  cooling  of  a  melted  mass,upheaved 
by  internal  force.  On  our  earth  we  trace  in  one  place  action  of 
fire,  and  in  another  action  of  water ;  but  both  belong  to  the 
same  period,  in  which  the  general  surface  and  subsurface  were 

#  Miller’s  Chemistry. 
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comparatively  cool,  and  which  must  be  long  posterior  to  a  pre¬ 
vious  period  (if  it  existed),  in  which  the  crust  was  fluid  or  pasty 
from  excess  of  heat. 

The  rate  at  which  geological  changes  have  gone  on  in  the 
moon  may  not  be  the  same  as  on  the  earth.  The  satellite  may 
be  in  an  earlier  or  a  later  condition  than  the  primary,  not  so 
much  from  difference  of  actual  age  as  from  the  varying  veloci¬ 
ties  with  which  changes  have  been  produced. 

Although  heat  forces  have  had  a  great  deal  to  do  in  the 
upheaval  of  some  terrestrial  strata  and  the  sinking  of  others, 
yet*  the  principal  agent  in  making  our  earth  crust  what  it  is,  was 
water,  in  that  incessant  motion  which  solar  heat  imparts  to  it. 
Here  myriads  of  tons  assume  the  form  of  vapour ;  then  they 
fall  in  rain,  filling  the  rivers ;  then  they  drop  down  in  snow 
fields  that  feed  huge  glaciers  ;  and  in  various  ways  they  trans¬ 
port  solid  matter  from  one  place  to  another,  pulling  to  pieces 
every  formation  on  which  they  fall,  or  over  which  they  scrape, 
and  sorting  and  lifting  the  materials  into  new  strata,  which  in  due 
time  are  upheaved.  Take  away  all  the  effects  of  aqueous  action 
from  our  globe — not  only  of  that  which  now  exists,  but  of  that 
which  has  been — and  we  should  revert  to  the  aspect  which  it  pre¬ 
sented  in  its  igneous  days,  when  it  consolidated  sufficiently  to 
acquire  any  permanency  of  form.  Without  water  action  our  earth 
might  perhaps  have  been  almost  stationary  and  quiescent  for 
ages  succeeding  the  cooling  of  its  crust.  Is  this  the  lunar  con¬ 
dition  ?  Or  may  we  hope  that,  though  the  evidence  is  difficult 
to  collect,  we  may  ultimately  discover  that  activities  and  ener¬ 
gies  are  at  work  as  vigorously  in  the  quiet,  grey  plains,  and  in 
the  glittering  mountains  of  the  queen  of  our  night  as  they  are 
in  the  globe  she  illuminates  with  the  borrowed  splendour  of  her 
fascinating*  light  ? 
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The  Inscribed  Stones  and  Rocks  found  in  different  parts  of  our 
island  have  of  late  excited  rather  more  than  usual  interest.  At  the 
meeting  of  the  Royal  Society  of  Edinburgh,  at  the  beginning  of 
January,  Professor  Simpson  gave  an  account  of  his  visit  to  the  caves 
of  Fife,  and  of  the  sculptures  which  were  found  rather  abundant  on 
the  walls.  These  caves,  or,  as  they  were  called  in  ancient  Gaelic, 
weems ,  were  so  well  known  in  mediaeval  times  that  they  gave  the 
name  of  Weems,  or  Wemys,  to  a  district  of  Fife,  which,  in  its  turn, 
gave  title  to  an  earldom  ;  and  one  of  them  at  least  served  formerly 
as  a  church,  and  several  of  them  are  said  to  have  been  the  resi¬ 
dences  of  some  of  the  early  Scottish  saints.  Many  of  them  are 
of  large  dimensions,  some  from  eighty  to  a  hundred  feet  in  length, 
with  proportionate  height  and  breadth.  The  sides,  or  walls,  are 
rudely  sculptured  with  representations  of  various  animals  and  com¬ 
binations  of  lines,  which  are  supposed  to  be  emblems,  though  they 
may  be  merely  fanciful  diagrams.  Among  the  animals  figured  on 
the  walls- of  these  caves  are  the  elephant,  the  deer,  the  dog,  the 
swan,  the  peacock,  fishes,  serpents,  and  monsters.  Among  repre¬ 
sentations  of  manufactured  objects  we  find  the  mirror,  the  comb, 
the  horse-shoe,  etc.  Professor  Simpson  called  attention  to  the  close 
resemblance  between  these  figures  in  the  caves  and  those  on  the 
sculptured  monuments,  of  which  so  large  a  number  have  been  pub¬ 
lished  in  Mr.  Stuart’s  handsome  volume,  The  Sculptured  Stones  of 
Scotland.  In  a  former  page  we  have  stated  our  belief  that  the  sculp¬ 
tures  figured  in  this  work  belong  to  the  Christian  period  of  Scot¬ 
land  ;  probably  not  one  of  them  is  older  than  the  sixth  century 
after  Christ.  They  bear  a  strong  analogy  to  the  rude  designs  in 
the  older  mediaeval  manuscripts. 

Figures  of  animals  were  great  favourites  in  these  drawings, 
because  from  a  very  early  period  the  Bestiaria,  or  popular  treatises 
on  natural  history,  usually  accompanied  with  illuminations,  were 
among  the  most  popular  of  literary  productions.  This  popularity 
might  be  explained  by  various  reasons,  into  which  it  would  hardly 
be  in  place  here  to  enter.  The  figure  of  the  elephant  is  curious, 
because  some  very  ardent  antiquarians  have  supposed  that  sculp¬ 
tures  in  which  it  appears  belong  to  that  extremely  remote  period 
when  the  elephant  inhabited  this  country,  and  therefore  long  before 
it  had  become  an  island  ;  but  this  is  a  supposition  hardly  deserving 
of  our  serious  consideration.  To  trace  the  knowledge  of  the  elephant 
in  Britain  would  form  a  curious  chapter  of  history.  Polyamus,  who 
wrote  in  Greek  about  the  year  180  a.d.,  has  handed  down  to  us  a 
popular  anecdote  of  the  manner  in  which  Julius  Ciesar  made  use  of 
an  elephant  in  forcing  the  passage  of  the  Thames,  in  his  second 
expedition  into  Britain  (Polygenus,  Stratagm.,  YIII.  23),  which 
would  imply  that  Csesar  brought  elephants  with  him  into  this 
island.  If  this  had  been  the  case,  that  great  general  would  hardly 
have  omitted  mentioning  them  in  his  Commentaries  ;  but  the 
elephant  must  have  been  sufficiehtly  well  known  to  the  inhabitants 


143 


Archceologia. 

of  Britain  during  the  Roman  period,  and  no  doubt  that  knowledge, 
as  far  as  it  could  be  gained  by  figures  and  descriptions,  was  con¬ 
tinued  afterwards,  or  at  least  restored  after  the  Christian  period. 
W e  shall  look  forward  with  interest  to  the  publication  of  Professor 
Simpson’s  account  of  his  discoveries  in  extenso ,  and  especially  to 
what  we  hope  will  accompany  it,  illustrative  engravings  of  the 
sculptures  themselves. 

The  last  part  of  a  well-conducted  local  journal,  The  Wiltshire 
Archeological  and  Natural  Eistory  Magazine ,  published  under  the 
direction  of  the  Wiltshire  Society,  contains  a  peculiarly  interesting 
notice  of  an  incised  marking  on  the  impost  of  the  great  trilithon 
at  Stonehenge,  by  Dr.  Thurnam — interesting  as  a  warning  to  those 
who  arrived  at  hasty  conclusions  in  archaeological  questions,  espe¬ 
cially  at  this  time,  when  the  subject  of  excised  marks  and  sculptures 
on  stones  and  rocks  is  exciting  so  much  attention.  Some  three  or 
four  years  ago  an  inquisitive  visitor  to  that  still  mysterious  monu¬ 
ment,  Stonehenge,  discovered  on  the  great  trilithon  an  inscribed 
figure,  representing  an  object  closely  resembling  a  sickle,  with  the 
two  Roman  letters  L  V  within  the  curved  blade.  It  was  moss- 
grown,  and  appeared  to  present  all  the  evidences  of  antiquity. 
Much  greater  attention  was  drawn  to  this  inscription  in  the  visit 
to  Stonehenge  of  a  party  of  the  British  Association  from  the  Bath 
meeting  in  September,  1864.  Some  declared  it  to  be  Roman,  and  it 
was  suggested  that  it  was  the  work  of  a  Roman  legionary,  and  that 
L  V  stood  for  legio  victrix .  Others  believed  it  to  be  of  still  older 
date,  and  compared  it  with  lapidary  inscriptions  found  at  Carthage, 
said  to  be  Lybian,  and  with  figures  found  in  countries  occupied  by 
the  Phoenicians.  Our  friend,  Dr.  O’Callaghan,  with  his  good  Irish 
quickness  of  perception,  made  the  most  probable  suggestion  of  all, 
when,  according  to  the  newspaper  reports,  he  suggested  that,  u  after 
all,  some  Irish  reaper  may  have  cut  the  figure  of  his  own  sickle,  and 
added  the  initial  letters  of  his  name  (say  Larry  Varity),  to  record  a 
visit  made  not  many  years  ago.” 

Dr.  Thurnam,  following  up  the  information  given  in  a  commu¬ 
nication  to  a  local  paper  immediately  after  this  meeting,  has 
succeeded  in  clearing  up  the  whole  mystery.  It  appears,  from  the  evi¬ 
dence  of  a  certain  number  of  unexceptionable  witnesses  examined 
by  him,  that  about  the  year  182?  or  1828,  a  man  who  appeared 
to  be  a  mechanic,  and  who  carried  with  him  a  basket  of  tools, 
was  tramping  by,  and  was  seen  to  stop  at  this  stone,  and  to  take 
chisels,  etc.,  from  his  basket,  with  which  he  deliberately  cut  the 
figure  in  question,  and  then  continued  his  way  to  Salisbury ! 

Mr.  Dodder  M.  Westropp,  of  Rookhurst,  near  Cork,  has  pub¬ 
lished,  we  believe  for  private  distribution  only,  a  series  of  plates  of 
an  interesting  collection  of  antiquities,  in  his  own  possession.  It 
is  to  be  regretted  that  as  yet  the  plates  are  accompanied  with  no 
explanatory  text.  A  part  of  the  objects  represented  are  fibulas — 
a  very  choice  selection,  ranging  from  the  Roman  period  to  the 
Anglo-Saxon,  or  Drankish,  to  the  Dano-Irish,  and  to  the  later 
mediasval  period.  The  most  interesting  of  all,  however,  are  a  very 
remarkable  series  of  the  so-called  “  celts.”  They  are  named  in  the 
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plates  “  Etruscan  celts’’ ;  but  we  are  told  tbat  this  denomination  is 
only  claimed  for  one  specimen,  and  that,  if  we  understand  right, 
only  because  it  was  found  at  Perugia.  All  the  others  were  found 
in  the  south  of  Italy,  and,  for  anything  we  see,  they  are  all  pro¬ 
bably  to  be  considered  as  pure  Roman.  T.  W. 


PROGRESS  OF  INVENTION. 

Imperfect  Combustion  a  Source  of  Acetylene. — It  has  long 
been  known  that  acetylene  is  almost  always  one  of  the  products, 
when  organic  compounds  are  subjected,  for  a  long  time  to  a  red 
heat.  But  the  experiments  of  M.  Berthelot  have  shown  that  it  is 
produced  in  other  circumstances  from  organic,  gaseous,  vaporous, 
and  liquid  compounds;  being  due,  in  every  such  case,  to  imperfect 
combustion.  Thus,  when  a  gas, for  instance,  ethylene  (C4  H4),  is  intro¬ 
duced  into  a  tube  closed  at  one  end,  and  having  within  it  a  small 
quantity  of  ammonio-chloride  of  copper,  and  is  then  ignited,  the  tube 
being  immediately  after  thrown  into  a  horizontal  position,  and  kept 
revolving  between  the  fingers,  so  that  the  liquid  may  be  diffused 
over  the  whole  of  its  interior  surface,  a  red  compound  of  acetylene 
and  copper  will  be  formed.  The  experiment  becomes  yet  more 
striking  when  a  very  volatile  fluid,  such  as  sulphuric  ether,  is  used  ; 
the  whole  inner  surface  of  the  tube  will  then  be  covered  instan¬ 
taneously  with  a  deep  red  opaque  solid.  It  is  not  necessary  to  use 
a  tube.  If  some  ether  is  poured  on  a  plate,  and  then  ammonio- 
sulphate,  the  ether  on  being  ignited  forms  acetylene,  which  covers 
the  surface  of  the  ammonio-sulphate  with  a  coating  of  the  red  com¬ 
pound.  The  results  of  M.  Berthelot’s  researches  have  led  to  the 
important  conclusion  that,  during  the  combustion  of  a  compound  of 
carbon  and  hydrogen,  it  does  not  in  all  cases  happen  that  it  is  the 
hydrogen  which  first  combines  with  oxj^gen,  the  carbon  being  set 
free.  The  carbon  may  be  the  first  to  enter  into  combination ;  thus 
with  naphthaline,  during  the  combustion  of  which  four  of  the  con¬ 
stituent  atoms  of  carbon  are  first  united  with  oxygen.  In  reality, 
whether  it  is  the  hydrogen  or  the  carbon  that  shall  first  enter  into 
combination  depends  on  the  nature  of  the  hydro-carbon  ;  and  the 
result  is  modified  by  the  circumstance  that  the  combustion  is  not 
completed  at  once,  but  by  the  successive  decomposition  of  com¬ 
pounds  formed  one  after  another.  When  alcohol,  for  example,  is 
burned,  such  a  combustion  takes  place  as  forms  aldehyde,  which  in 
its  turn  is  decomposed,  and  new  compounds  produced,  the  formation 
of  carbonic  acid  being  one  of  the  last  links  in  the  chain. 

Improvements  in  Electro-metallurgy. — The  processes  hitherto 
used  in  plating  and  gilding,  etc.,  are  not  only  more  or  less  difficult, 
but  extremely  injurious  to  health ;  circumstances  that  induced  M. 
Fred.  Weil  to  make  researches  for  the  purpose  of  devising  others 
not  liable  to  similar  objections.  The  result  has  been  the  important 
discovery  that  the  coating  of  metals  with  other  metals  may  be 
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effected  merely  by  the  use  of  alkaline  solutions,  in  which  precipita¬ 
tion  of  the  oxides  by  the  alkali  is  prevented  by  the  presence  of 
tartaric  acid,  glycerine,  or  some  other  harmless  organic  substance. 
This  method  is  so  effective  that  cast  iron  or  steel  may  be  coppered 
or  bronzed  by  means  of  it  with  great  facility  ;  and  brilliant  and 
permanent  colours  may  be  imparted  to  the  deposits  which  it  forms. 
Ordinary  temperatures  generally  suffice  for  it,  and  it  never  requires 
one  which  is  much  higher.  The  bright  coating  of  zinc  it  produces 
on  copper,  or  a  metal  which  has  been  coated  with  copper,  is  less  acted 
on  by  acids  than  ordinary  zinc.  It  is  extremely  well  adapted  for  the 
repairs  of  metallic  coatings  ;  as  for  this  purpose,  it  is  only  necessary 
to  form  a  kind  of  cup  by  surrounding  the  injured  part  with  an 
elastic  ring,  etc.,  and  place  within  it  the  metallic  solution.  Various 
modifications  are  required  in  the  details,  according  to  circum¬ 
stances.  Thus  in  coating  with  copper,  a  solution  containing 
about  350  grammes  crystallized  sulphate  of  copper,  1*5  grammes 
sodio-potassic  tartarate,  and  800  grammes  soda  lime,  containing 
about  55  per  cent,  free  soda,  in  two  gallons  of  distilled  water 
is  employed ;  certain  precautions  must  be  taken  also  for  the 
purpose  of  keeping  it  at  a  uniform  strength,  and  removing 
the  dissolved  zinc  derived  from  the  metallic  zinc,  which  it  is 
necessary  to  bring  in  contact  with  the  article  that  is  to  be  coated. 
To  deposit  copper  from  this,  the  articles,  after  having  been 
extremely  well  cleaned,  are  suspended  in  it,  but  not  so  as  to  come 
into  contact  with  each  other,  by  means  of  zinc  hooks,  which  are 
found  to  answer  better  than  plates,  and  are  left  in  it  for  a  time 
which  depends  on  the  thickness  of  the  coating,  etc.,  desired.  They 
are  then  lifted  out  of  it,  and  again  cleaned  with  great  care.  If 
stannate  of  soda,  or  a  solution  of  bichloride  of  tin,  previously 
treated  with  a  sufficient  quantity  of  soda,  is  added  to  the  cupreous 
solutions  before  immersion  and  contact  with  the  zinc,  the  deposit 
will  be  a  real  bronze.  The  copper  solutions  will  answer  for  any 
metal  whose  oxide  is  insoluble  in  the  fixed  alkalies,  except  pure  tin. 
When  the  latter  is  placed  in  contact  with  the  zinc,  it  is  oxidized,  and 
the  protoxide  formed  precipitates  all  the  copper,  in  the  form  of  red 
oxide.  But  either  tin  or  lead  may  be  deposited  on  copper,  or  on  a  metal 
which  has  been  coated  with  that  metal,  by  immersions  in  a  strong 
solution  of  potash  or  soda,  which  contains  a  salt  of  tin  or  lead,  and 
has  been  raised  to  the  temperature  of  100°  Cent.  If  it  is  desired  to 
prevent  the  tin  from  being  associated  with  zinc,  the  alkaline  solution 
and  the  metallic  zinc  must  be  placed  in  a  porous  vessel,  which  is  to 
be  immersed  in  a  vessel  containing  the  solutions  of  tin;  and  in  the 
latter  is  suspended  the  article  to  be  coated,  which  is  connected  by 
a  Vire  with  the  zinc.  When  the  alkaline  fluid  is  saturated  with 
oxide  of  zinc  it  may  be  freed  from  it  by  precipitation  with  sulphide 
of  sodium.  Alloys  of  copper  and  zinc,  nickel  and  zinc,  etc.,  may  be 
deposited  from  tartro- alkaline  solutions  containing  them  on  copper, 
or  another  metal  which  has  been  coated  with  copper,  by  contact  with 
the  zinc. 

Dangers  attending  the  Use  of  Nitro- G-lycerine. — Nitro¬ 
glycerine  has  already  to  some  extent  superseded  gunpowder  and 
YOL.  IX.— NO.  II.  L 
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gun-cotton  in  blasting,  for  mining  purposes,  on  account  of  its  con¬ 
venience  and  great  power ;  but  late  researches  have  shown  that  its 
employment  is  attended  with  very  serious  danger.  It  can  indeed 
be  heated  to  50°  Cent.,  or  even  exposed  to  the  direct  action  of  flame 
without  explosion  being  produced ;  but  simple  agitation  during 
transport  may,  on  account  of  its  great  density,  cause  it  to  ignite. 
It  kept  at  a  temperature  between  203  and  24°  Cent.,  it  gradually 
acquires  a  green  tint,  which  continually  augments  in  intensity,  and 
small  rhombic  crystals  of  oxalic  acid  separate,  their  quantity  becom¬ 
ing  very  considerable,  and  dense  nitrous  vapours  being  evolved  if 
the  vessel  is  left  open.  It  solidifies  at  a  temperature  considerably 
higher  than  the  freezing  point  of  water ;  and  the  frozen  particles 
are  not  less  explosive  than  the  fluid;  even  their  friction  against 
each  other  may  cause  them  to  ignite.  These  facts,  for  which  we 
are  indebted  to  M.  P.  Liebe,  of  Dresden,  may  perhaps  explain  some, 
at  least,  of  the  numerous  explosions  which  occur  from  time  to  time 
with  nitro-glycerine,  without  its  being  possible  to  assign  any  ordi¬ 
nary  cause  for  them. 

Application  op  Electricity  to  Sounding  at  Sea.— -It  is  ex¬ 
tremely  difficult,  even  for  the  most  experienced  seaman,  to  deter¬ 
mine  the  precise  instant  at  which  the  lead  of  the  sounding  line 
touches  the  bottom  ;  this  arises  chiefly  from  the  great  weight  of  the 
line  at  considerable  depths,  which  causes  the  difference  produced  by 
support  of  the  lead  to  be  scarcely  perceptible.  M.  Hedouin,  of 
Lyons,  has  invented  a  sounding  apparatus  which  is  entirely  free 
from  this  difficulty,  and  is  not  at  all  complicated  nor  hard  to  be 
managed.  It  consists  of  a  line,  within  the  whole  length  of  which 
run  two  conducting  wires,  the  upper  ends  of  which  are  connected 
respectively  with  the  poles  of  a  galvanic  battery  placed  in  the  ship. 
The  lower  ends  are  never  connected,  and  consequently  the  circuit 
is  never  complete,  until  the  lead  touches  the  bottom  :  when  this 
occurs,  the  lower  portion  of  it,  which  partly  slides  up  into  the  upper, 
presses  a  small  piece  of  metal  against  the  two  lower  ends  of  the 
wires.  As  long  as  the  weight  remains  freely  suspended,  this  con¬ 
nector,  which  is  insulated  and  within  a  waterproof  sheath,  remains 
at  a  distance  from  the  wires  ;  on  account  of  the  lower  part  of  the 
compound  weight  assuming  the  lowest  position,  with  respect  to  the 
upper,  of  which  it  is  capable.  The  instant  the  circuit  is  complete, 
a  bell  is  rung  by  an  ordinary  electro-magnetic  apparatus,  and  thus 
the  attention  of  the  sounder  is  drawn  to  the  fact  that  the  lead  has 
touched  the  bottom.  Besides  this,  a  ratchet  is  by  similar  means 
thrown  into  action,  and  instantly  arrests  the  descent  of  the  line 
from  the  reel  on  which  it  is  coiled  ;  and  thus  even  the  attention  of 
the  sounder  is  rendered  of  comparatively  little  importance.  If 
there  is  danger  of  the  vessel  getting  into  shallow  water,  or  among 
sunken  rocks,  a  sounding  line  of  a  given  length  suspended  from  the 
vessel,  will  give  instant  notice  of  danger  when  it  occurs. 

New  mode  of  separating  Cobalt  from  Nickel.— These  two 
metals  are  separated  from  each  other,  in  solutions  containing  them, 
with  difficulty,  and  only  by  a  complicated  process  ;  by  a  method 
which  M.  A.  Terreil  has  lately  discovered  they  are  separated  with 
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ease,  even  when  the  quantities  are  exceedingly  minute ;  a  circum¬ 
stance  of  great  importance  in  testing,  or  analysis.  It  consists  in 
precipitating,  and  then  redissolving,  by  the  addition  of  ammonia 
in  excess  to  the  solution  containing  them,  raising  the  temperature 
of  the  ammoniacal  liquor,  and  adding  to  it  just  so  much  perman¬ 
ganate  of  potash  as  will  impart  to  it  a  violet  tint :  then  raising  it  to  a 
boiling  temperature,  and  after  a  few  minutes  redissolving  by  excess 
the  oxide  of  manganese  thrown  down  with  hydrochloric  acid.  The 
clear  solution  being  kept  at  a  moderate  temperature  for  a  short 
time,  and  then  left  to  itself  for  about  twenty-four  hours,  all  the 
cobalt  precipitates  as  a  red  violet  crystalline  powder,  the  roseo- 
cobaltic  hydro  chlorate,  which  is  to  be  thrown  on  a  filter  and  washed, 
first  with  hydrochloric  acid,  next  with  a  solution  of  sal-ammoniac, 
and  lastly  with  alcohol ;  100  parts  of  it,  after  desiccation,  contains 
22-7  of  metallic  cobalt.  The  alcohol  having  been  driven  off  from 
the  washings  by  heat,  they  are  to  be  saturated  with  ammonia  :  after 
which  a  slight  excess  of  permanganate  of  potash,  or  of  an  alkaline 
hypochlorite  having  been  added  to  them,  they  are  raised  to  the 
boiling  point.  This  throws  down  all  the  manganese  :  and  when  the 
latter  is  separated  by  filtration,  the  solution  contains  only  nickel. 

A  Simple  Mode  of  Manufacturing  Sulphuric  Acid. — The  neces¬ 
sity  for  large  and  costly  leaden  chambers  has  rendered  the  manufac¬ 
ture  of  sulphuric  acid  both  troublesome  and  expensive.  A  method 
of  producing  it,  in  which  the  use  of  leaden  chambers  is  dispensed 
with,  not  only  greatly  facilitates  the  process,  but  affords  a  product 
which  possesses  the  important  advantage  of  being  altogether  free 
from  contamination  by  lead.  Should  it  be  found  to  answer  for 
industrial  purposes,  it  will  constitute  a  very  important  improve¬ 
ment  on  the  method  so  long  in  use.  It  consists  in  transmitting 
the  acid  fumes,  formed  in  the  ordinary  way,  through  a  series  of 
earthenware  cylinders,  which  are  piled  up  and  arranged  in  such  a 
way  as  to  form  a  number  of  columns,  filled  with  coke,  and  com¬ 
municating  with  one  another.  Steam  is  introduced  into  them  as 
required  ;  and  the  acid  vapours  being  condensed  by  the  coke,  they 
trickle  down  into  a  reservoir  placed  beneath  for  the  purpose  of 
receiving  them.  The  acid  liquid  thus  obtained  is  concentrated  in 
the  usual  way. 

Aniline  Black.— The  discovery  of  a  fine  black,  produced  from 
aniline,  may  almost  be  considered  as  completing  the  series  of  mag¬ 
nificent  colours  obtained  from  that  substance.  This  new  dye  is  the 
more  valuable  since  it  may  be  associated  with  any  kind  of  madder 
colour,  and  may  be  treated  in  subsequent  processes  like  logwood. 
It  is  obtained  by  dissolving  hydro  chlorate  of  aniline  in  an  aqueous 
solution  of  hydrofluosilicic  acid  (spec.  grav.  8°  B),  which  has  been 
properly  thickened,  and  then  adding  chlorate  of  potash,  and  print¬ 
ing,  or  preparing  the  tissue  with  chlorate  of  potash  and  afterwards 
printing.  On  raising  the  temperature  from  32°  to  35°  Cent.,  a 
beautiful  and  permanent  black  is  produced.  The  hydrofluosilicic 
acid  required  may  be  obtained  by  decomposing  a  mixture  of  fluor 
spar  and  sand  with  sulphuric  acid.  The  decomposition  which 
takes  place  during  the  process  consist  in  decomposition  of  the 
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chlorate  by  the  hy dr ofluo silicic  acid,  silicate  of  potash  being 
formed,  and  chloric  acid  being  set  free.  A  part  of  this  chloric  acid 
acts  on  the  hydrochloric  acid  of  the  hydrochlorate  of  aniline, 
forming  a  mixture  consisting  of  free  chlorine  and  intermediate 
oxygen  acids  of  chlorine ;  and  the  remainder  unites  with  this 
mixture  forming  the  black  dye.  That  such  are  the  changes  which 
occur,  has  been  established  by  simple  and  very  conclusive  ex¬ 
periments. 

Miscellaneous. — Ancient  Stained  Glass. — -It  has  been  found  that 
the  colours  of  ancient  stained  glass  may  be  completely  restored  by 
leaving  it  immersed  for  several  days  in  a  solution  of  carbonate  of 
soda,  which  dissolves  away  the  organic  matter  to  which  in  part  the 
dimness  produced  by  age  is  due,  and  then  immersing  it  for  several 
hours  in  dilute  muriatic  acid  to  remove  the  mineral  substances, 

which  also  impaired  the  brilliancy  of  the  colours. - Tanning  by 

means  of  Sulphate  of  Iron. — Instead  of  a  liquid  containing  tannin, 
M.  F.  Pfanliausen  uses  that  obtained  by  heating  to  redness  sulphate 
of  iron,  which  is  kept  constantly  stirred,  dissolving  the  residue  in 
water,  allowing  the  solution  to  rest,  and  then  pouring  off  the  clear 
portion.  Weak  solutions  are  employed  at  first;  and  the  process  of 
tanning  is  complete  in  a  very  few  days.  The  leather  thus  obtained  may 

answer  well  for  many  purposes. - Complementary  Colours. — The 

production,  by  M.  Niepce  de  Saint-Victor,  of  black,  in  photography, 
by  means  of  complementary  colours,  has  given  rise  to  researches  on 
the  subject  by  M.  Chevreul :  who  found  that,  although  comple¬ 
mentary  radiations  of  the  spectrum  produce  white ,  those  radiations 
which  emanate  from  complementary  colouring  matters,  applied  in 
succession,  or  simultaneously  to  the  cloth,  etc.,  afford,  according  to 
the  accuracy  of  the  proportions,  black ,  brown ,  or  grey.  Thus  a  blue 
pattern  printed  on  orange  will  appear  black.  This  subject,  when 
fully  developed,  may  have  a  most  important  bearing  on  arts 

and  manufactures. - Interesting  Galvanic  Experiment.  —  If  an 

electro-magnet  is  excited  by  a  rather  powerful  galvanic  battery, 
metallic  filings  constituting  a  portion  of  the  electric  current,  when 
one  of  the  conducting  wires  is  raised  out  of  the  filings,  it  will  draw 
after  it  a  continuous  chain  of  particles ;  and  in  this  way,  if 
moderate  care  is  used,  all  the  filings  may  be  formed  into  a  kind  of 
metallic  thread.  The  effect  is  due,  most  probably,  to  the  particles 
being  soldered  together  by  the  high  temperature  which  the  sparks 
that  are  seen  constantly  passing  from  particle  to  particle  of  the 
filings,  produce.  It  cannot  be  ascribed  to  magnetism,  since  it  is 
produced  even  when  the  filings  consist  of  silver,  copper,  or  other 

metals  incapable  of  being  made  to  exhibit  ordinary  magnetism. - 

Very  High  Temperatures  Produced  by  Gas .■ — There  is  no  reason  why 
the  very  highest  temperatures  should  not  be  produced  by  the  com¬ 
bustion  of  gas ;  and  in  reality  it  has  been  found  that  by  regulating 
the  supply  of  air  and  gas,  and  preventing  the  caloric  evolved  from 
being  dissipated,  a  very  great  heat  may  be  obtained.  For  this 
purpose  it  is  only  necessary  to  combine  a  number  of  flames  produced 
by  Bunsen  burners,  but  without  permitting  them  to  completely 
penetrate  one  another,  and  causing  a  draught  by  means  of  a  sheet 
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iron  tube  about  two  metres  high  ;  the  heat,  by  a  proper  management 
of  the  flame,  and  by  the  products  of  combustion  being  made  to  act 
on  both  sides  of  the  refractory  envelope  within  which  the  substance 
to  be  operated  on  is  placed,  becomes  extremely  powerful.  With 
such  an  arrangement  it  was  found  that  two  square  metres  of  gas, 
burned  under  a  pressure  of  five  or  six  centimetres  of  water,  fused 
670  grammes  of  silver  in  fifteen  minutes ;  and  500  grammes  of  very 

infusible  cast  iron  in  thirty  minutes.- - Protection  of  Iron. — It  has 

been  ascertained  that  sheet  iron  may  be  protected  from  oxidation  by 
coatiDg  it  with  a  thin  fused  layer  of  magnetic  oxide.  For  this 
purpose  it  is  embedded  in  hymatite,  or  some  other  native  oxide  of 
iron,  reduced  to  a  fine  powder  and  kept  for  several  hours  at  a  red 
heat,  and  is  then  allowed  to  cool  gradually.  The  black  coating  pro¬ 
duced  in  the  same  way  by  a  combination  of  the  oxides  of  zinc  and 
iron  is  probably  still  more  effective.  It  may  be  found  very  advan¬ 
tageous  to  cover  in  this  way  the  iron  used  in  shipbuilding. 
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Sea-Side  Studies  in  Natural  History.  By  Elizabeth  C,  Agassiz 
and  Alexander  Agassiz.  Marine  Animals  of  Massachusetts  Bay. 
Radiates.  (Boston,  Ticknor  ;  London,  Triibner  &  Co.) — Although 
much  of  the  scientific  knowledge  which  has  been  accumulated  con¬ 
cerning  marine  animals,  is  the  result  of  the  labours  of  foreign 
naturalists,  not  only  have  our  own  observers  contributed  their  full 
share,  but  they  have  succeeded  in  rendering  their  pursuits  more  exten¬ 
sively  popular  in  this  country  than  it  has  become  in  any  other.  We 
believe  the  present  work  is  the  first  important  effort  to  make  marine 
zoology  popular  in  America,  and  especially  in  Massachusetts  Bay.  It 
is  elegantly  got  up,  with  numerous  illustrations,  and  will  interest 
many  readers  in  this  country,  as  a  considerable  part  of  the  subject 
matter  is  equally  appropriate  to  either  side  of  the  Atlantic.  From 
these  pages  we  gather  that  Massachusetts  Bay  is  less  rich  than  our 
own  coasts  in  compound  polyps,  polyzoa,  and  certain  other  forms, 
but  remarkably  well  off  in  jelly-fishes  and  star-fishes.  The  chapters 
devoted  to  the  embryology  of  the  radiata  are  very  well  written, 
and  the  explanations  thus  afforded  and  illustrated  by  engravings, 
will  render  an  important  amount  of  scientific  information  accessible 
to  the  general  reader.  Although  the  shores  of  Massachusetts  Bay 
are  the  chief  localities  mentioned,  some  of  the  objects  described 
belong  to  other  regions,  as,  for  example,  the  millepore  of  Florida, 
a  very  curious  coral,  which  has  been  recently  shown  to  belong 
the  acalephs,  or  jelly-fishes.  As  the  writer  of  this  work  says,  “in 
the  whole  history  of  metamorphosis,  that  wonderful  chapter  in  the 
life  of  animals,  there  is  nothing  more  strange  or  more  interesting 
than  the  transformation  of  the  acalephs.  First  as  little  floating 
planulee,  or  transparent  spheres,  covered  with  fine  vibratile  cilia,  by 
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means  of  which  they  move  with  great  rapidity,  then  as  commu¬ 
nities  fixed  to  the  ground  and  increasing  by  budding  like  corals,  or 
multiplying  by  self  division,  and  later  as  free  swimming  jelly¬ 
fishes,  many  of  them  pass  through  phases  that  have  long  baffled  the 
investigations  of  naturalists.”  Our  own  coasts  afford  excellent  oppor¬ 
tunities  for  studying  these  questions,  many  of  which  have  been  noticed 
in  former  numbers,  and  others  will  form  the  subject  of  future  papers  in 
due  course.  The  discovery  of  the  true  character  of  the  millepore  carries 
back  the  history  of  the  acalephs  or  jelly-fishes  to  geological  periods, 
as  many  fossils  supposed  to  be  true  corals  will  in  future  be  referred 
to  that  group.  The  writers  say  that  while  polyps  and  star-fishes 
live  for  many  years,  the  existence  of  the  acaleph  with  all  its  changes 
is  comprised  within  one  year.  This  may  be  generally  true,  but  it  is 
not  so  always,  as  some  successful  aquariums,  like  that  of  Mr.  Drabble 
have  shown.  In  vol.  iv.  p.  149,  will  be  found,  as  our  readers  know, 
an  exquisite  coloured  plate  of  a  Blue  Cyaneea  captured  by  Mr. 
Pope  at  Torquay.  To  that  article  we  must  refer  for  a  description 
of  this  interesting  genus,  of  which  the  American  shores  exhibit 
splendid  specimens.  One  of  these,  the  Cyansea  arctica  is  figured 
in  the  work  before  us,  and  if  the  creature  could  be  seen  in  a  large 
transparent  tank  it  would  be  a  most  gorgeous  spectacle.  A  large 
one  was  found  on  rough  measurement  to  be  seven  feet  in  diameter, 
with  tentacles  stretching  behind  him  “  to  the  extent  of  some 
hundred  and  twelve  feet.”  “  This  sounds  so  marvellous,”  says  the 
writer,  “  that  it  may  be  taken  as  an  exaggeration ;  yet  the  facts  are 
rather  understated  than  overstated  in  the  dimensions  given.”  It 
may  well  be  imagined  “  that  it  is  no  pleasant  thing  when  swimming 
or  bathing  to  become  entangled  in  this  forest  of  tentacles,” 
which  sting  like  nettles  from  their  innumerable  lasso  cells.  The 
hy droid,  producing  this  gigantic  jelly-fish  is  “  not  more  than  half  an 
inch  in  height  when  full  grown.”  Amongst  the  very  interesting 
creatures  described  and  figured  is  the  Nanonia,  a  fine  swimming 
hydroid,  the  history  of  which  is  highly  curious.  When  first  found, 
it  consists  of  a  single  hydra,  with  an  oil  bubble  at  one  end  which 
serves  as  a  float.  It  is  then  nothing  bnt  a  floating  stomach.  Buds 
soon  spring  from  it,  which  develope  in  different  ,  manners  into  loco¬ 
motive  organs  or  swimming  bells.  These  act  by  alternately  con¬ 
tracting  and  expanding,  taking  in  and  throwing  out  water,  and  thus 
generating  currents  that  cause  the  whole  community  to  move. 
“  Besides  these  locomotive  members,  the  community  contains  three 
kinds  of  hydree  arising  as  buds  from  the  primitive  hydra  below  the 
swimming  bells.  The  latter  always  remaining  nearest  the  oil  bubble 
at  the  top,  while  the  first  hydra  is  gradually  pushed  downwards 
and  remains  at  the  end  of  the  string.  The  first  set  of  hydrae  are 
open-mouthed,  and  their  function  is  to  feed  the  family.  The  second 
are  also  open-mouthed,  and  feeders  differing  from  the  first  bjT 
having  their  tentacles  coiled  in  an  elegant  cork-screw  spiral.  The 
third  set  of  hydras  have  closed  mouths,  and  their  function  is  un¬ 
known,  but  they  are  supposed  to  drop  from  the  parent  stock  and 
found  new  colonies.  In  addition  to  the  members  already  mentioned 
of  this  curious  floating  community  are  reproductive  individuals. 
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This  beautiful  compound  creature  is  small ;  the  stem  being  “  about 
three  inches  long,  though  the  tentacles  hanging  from  the  various 
members,  give  an  appearance  of  greater  length.”  The  chapters  on 
the  star-fishes  and  their  neighbours,  are  very  well  written,  and 
amongst  many  other  illustrations  is  a  fine  plate  of  the  splendid 
“  Basket  Fish,”  Astrophyton  Agassizii , 

The  Treasury  of  Botany  :  a  Popular  Dictionary  of  the  Vege¬ 
table  Kingdom,  with  which  is  incorporated  a  Glossary  of  Botanical 
Terms.  Edited  by  John  Bindley,  Ph.D.,  F.B.S.,  F.L.S.,  late 
Emeritus  Professor  of  Botany  in  University  College,  London, 
Author  of  the  “Vegetable  Kingdom,”  and  Thomas  Moore,  F.L.S., 
Curator  of  the  Chelsea  Botanic  Garden,  and  Co-editor  of  the  “  Gar¬ 
dener’s  Chronicle.”  In  two  Parts.  (Longmans.) — The  best  way 
to  test  the  value  of  a  dictionary  is  to  keep  it  for  some  time,  turn  to 
it  whenever  an  opportunity  for  reference  occurs.  We  have  tried 
the  Treasury  of  Botany  in  this  way,  looking  for  such  objects  as  we 
have  found  contained  in  various  works  of  travels,  or  to  which  our 
attention  has  been  otherwise  called.  The  result  has  been  highly 
satisfactory,  and  has  given  us  a  very  favourable  impression  of  the 
skill  with  which  the  various  articles  have  been  collected  and  com¬ 
piled.  This  work  makes  two  small  but  stout  and  handsome  volumes, 
richly  illustrated  with  remarkably  good  woodcuts,  and  containing, 
moreover,  twenty  highly  finished  plates  of  botanical  landscapes  in 
various  parts  of  the  globe.  The  articles  exhibit  a  judicious  mean 
between  dry  technicality  and  the  too  commom  attempt  to  be  over 
popular.  They  will  be  much  valued  in  families  possessing  gardens 
and  greenhouses,  or  reading  books  of  travels,  in  which  allusions  to 
plants  and  vegetation  are  frequently  made.  The  Treasury  of  Botany 
is  one  of  the  most  satisfactory  works  of  reference  we  have  seen  for 
some  time. 

Catalogue  of  Works  on  the  Microscope,  and  of  those  re¬ 
ferring  to  Microscopical  Subjects  in  the  Library  of  Freeman  C.  S. 
Boper,  F.L.S.,  F.G.S.,  F.Z.S.,  Hon.  Sec.  Mic.  Soc.  London,  Hon. 
Mem.  Mic.  Soc.  Edin.  Printed  for  private  circulation,  by  J.  E. 
Adlard. — Mr.  Boper  having  a  fine  collection  of  microscopic  works, 
the  catalogue  which  he  has  just  printed  is  a  valuable  list  for  the 
student  to  refer  to.  As  it  is  a  book  calculated  to  save  microscopists 
a  great  deal  of  trouble  in  ascertaining  what  has  already  been 
accomplished,  we  should  have  advised  its  being  published  in  the 
ordinary  way.  The  thanks  of  all  microscopists  are  due  to  Mr. 
Boper  for  the  pains  he  has  taken  in  this  useful  work. 

The  Geological  Magazine,  Vol.  III.,  Hos.  1  and  2,  or  Monthly 
Journal  of  Geology,  with  which  is  incorporated  the  Geologist. 
Edited  by  Henry  Woodward,  F.G.S.,  F.Z.S.,  of  the  British  Museum, 
assisted  by  Professor  John  Morris,  F.G.S.,  etc.,  etc.,  of  University 
College,  and  Bobert  Etheridge,  F.B.S.E.,  F.G.S.,  of  the  Museum 
of  Practical  Geology.  (Trubner.) — The  Geological  Magazine  has 
lately  passed  into  the  enterprising  hands  of  Messrs.  Trubner  &  Co., 
and  it  is  so  well  managed  that  it  deserves  success.  The  first  of  the 
new  series  contains  a  valuable  paper  by  Mr.  Woodward  on  a  new 
fossil  crustacean  from  Lyme  Begis,  the  ZEger  Mardii,  of  which  a 
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plate  is  given ;  and  tlie  second  number  has  a  figure  and  description 
by  Professor  Owen  of  a  new  sauroid  fish  from  the  Kimmeridge 
clay.  Other  papers  in  the  first  number  relate  to  “  New  Coral 
Reptiles,”  by  Mr.  Etheridge  ;  “  The  Raised  Beach  of  Cantire,”  by 
Mr.  Hull ;  and  “  The  Cretaceous  Rocks  of  the  South  of  England,” 
by  Mr.  Meyer.  In  the  second  number,  Mr.  Binney  treats  of  the 
“  So-called  Lower  New  Red  Sandstone  of  Central  Yorkshire 
Mr.  Searles  Wood  on  u  The  Thames  Valley  and  Mr.  Mackintosh 
on  the  “  Sea  versus  Rain  and  Frost.”  There  are  also  various 
reports  and  correspondence. 

The  Household  :  a  Magazine  of  Domestic  Economy  and  Home 
Enjoyment.  Nos.  1  and  2.  (Groombridge  &  Sons.) — Under  this 
excellent  title,  Messrs.  Groombridge  have  produced  a  cheap  and 
interesting  family  magazine.  The  articles  comprise  a  variety  of 
subjects  belonging  to  the  management  of  a  household,  together  with 
a  new  story  by  the  author  of  “  A  Trap  to  Catch  a  Sunbeam,”  known 
wherever  English  is  read  as  one  of  the  most  elegant  little  tales  of 
modern  times.  The  editors  have  provided  matter  for  all  tastes,  from 
popular  scientific  papers  to  “  Cheap  Cookery  for  Hard  Times.”  The 
tone  of  the  articles  is  remarkably  healthy.  They  are  simple 
without  degenerating  into  twaddle,  and  vigorous  without  those 
spasmodic  efforts  that  offend  good  taste.  Every  family  may  obtain 
useful  hints  from  them,  and  they  will  be  found  to  contain  a  good 
proportion  of  amusing  matter. 

Contributions  to  Natural  History,  chiefly  in  relation  to  the 
Food  of  the  People.  By  a  Rural  D.D.  (Blackwood  &  Sons.) 

• — A  set  of  pleasantly  written,  gossiping  papers  from  various 
periodicals,  to  which  their  author  has  contributed,  ranging  from 
hippophagy  to  salmon-culture,  muscles,  and  popular  weather  prog¬ 
nostics. 

The  Anthropological  Review,  and  Popular  Magazine  of  An¬ 
thropology.  (Triibner.) — A  paper  on  the  comparative  anthropology  of 
England,  by  D.  Mackintosh,  F.G.S.,  possesses  a  considerable  amount 
of  interest,  though  the  writer  is  open  to  the  charge  of  riding  his  hobby 
a  little  too  fast.  A  plate  is  given  of  skulls  of  the  Coraline  Islanders  ; 
Wright’s  excellent  paper  on  bronze  weapons  demolishing  the  stone, 
bronze,  and  iron  epoch  theory,  is  reprinted  ;  and  Dr.  Charnock 
treats  of  the  origin  of  Gipsies.  The  Fopular  Magazine  of  Anthro¬ 
pology,  printed  with  the  Anthropological  Fevieiv,  and  likewise 
published  separately,  is,  in  its  present  condition,  a  mistake.  To 
suppose  that  any  science  can  be  made  popular  by  dispensing  it  at 
the  rate  of  forty-eight  pages  for  a  shilling,  indicates  that  the  con- 
coctors  of  such  a  scheme  must  themselves  be  anthropological  curi¬ 
osities  ;  and  the  wonder  at  their  strange  notion  is  increased  when 
the  quality  of  the  material  offered  at  this  high  price  is  considered. 
A  great  deal  of  it  is  borrowed  from  other  sources,  and  not  a  single 
paper  possesses  the  average  merit  of  magazine  articles.  While 
noticing  the  publications  of  the  Anthropological  Society,  we  cannot 
refrain  from  adverting  to  the  vulgar,  sensational  character  of  its 
proceedings.  Any  virulent  abuse  of  negroes  or  missionaries,  any 
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rabid  nonsense  tending  to  stimulate  hatred  and  violence  towards  the 
African  races,  or  to  promote  admiration  of  their  oppressors,  appears 
to  be  taken  for  science  by  the  gentlemen  who  manage  this  peculiar 
association.  “  A  Night  with  the  Anthropological  s”  is  now  expected 
to  provide  the  sort  of  entertainment  offered  by  a  low-class  debating 
club,  and  all  the  dignity  and  decency  of  true  science  is  made  to 
give  way  to  declamation  as  ungentlemanly  as  it  is  absurd. 

Out  West  :  A  Series  of  Letters  from  Canada  and  the  United 
States.  By  George  Tuthill  Barrett,  M.A.,  Fellow  of  King’s 
College,  Cambridge.  (Groombridge  &  Sons.) — English  people  are 
never  tired  of  reading  or  writing  books  about  America.  The 
present  volume  is  an  agreeably  written  narrative  of  a  pleasure  trip. 
It  is  evident  that  the  writer  left  his  own  country  with  a  respectable 
allowance  of  those  prejudices  which  are  fashionable  amongst  the 
upper  section  of  the  middle  class,  and  that  he  honestly  and  manfully 
abandoned  them  as  he  became  acquainted  with  evidence  of  their 
untruth.  Mr.  Barrett  had  an  interview  with  President  Lincoln,  and 
another  with  Mr.  Seward.  Of  the  former  he  speaks  in  genial  terms. 
Boston  pleased  him  exceedingly,  and  he  was  surprised  to  find  what 
we  may  term  the  more  civilized  life  of  America  much  better  than 
those  portions  of  it  which  ordinary  travellers  exclusively  see.  Had 
Mr.  Barrett  seen  more  of  the  domestic  manners  of  the  New 
England  States,  his  opinions  would  have  undergone  still  further 
modification. 

Castaway  on  the  Auckland  Isles  :  A  Narrative  of  the  Wreck  of 
the  “  Grafton,”  and  of  the  Escape  of  the  Crew  after  Twenty  Months’ 
Suffering.  From  the  Private  Journals  of  Captain  Thomas  Musgrove  ; 
together  with  some  Account  of  the  Aucklands.  Edited  by  John 
Shillinglaw,  F.B.G.S.  (Lockwood  &  Co.)— A  genuine  narrative 
of  a  sailor’s  shipwreck  on  an  uninhabited  island  is  sure  to  be 
interesting ;  and  in  the  present  case  the  reader  has,  in  the  extracts 
from  Captain  Musgrove’s  journal,  which  were  written  in  seal’s  blood, 
a  veritable  transcript  of  his  doings  and  feelings  from  day  to  day. 
In  this  case  there  was  little  of  the  Bobinson  Crusoe  spirit,  as  the 
worthy  Captain  was  in  natural  and  constant  anxiety  about  his  wife 
and  family;  and  every  moment  his  thoughts  wandered  wistfully 
towards  that  home  which  he  feared  he  might  never  see.  As  long  as 
fresh  birds  and  seal-flesh  could  be  obtained,  the  shipwrecked  party 
did  tolerably  well  in  point  of  food.  They  built  themselves  a  house, 
and  one  of  them,  Mr.  Baynal,  the  mate,  had  quite  a  genius  for 
doing  smith’s  work  under  difficulties.  When  severe  weather  came, 
and  seals  were  scarce,  the  commissariat  was  rather  miserable ;  and 
the  whole  party  were  heartily  glad  when  they  had  contrived  to  repair 
one  of  the  ship’s  boats,  and  made  their  escape.  Although  in  some 
respects  it  was  a  case  of  shipwreck  made  easy,  there  was  little  to 
recommend  it  to  the  lovers  of  romantic  adventure ;  and  no  young 
gentleman  who  peruses  the  narrative  is  likely  to  be  incited  to  leave 
home  in  search  of  such  a  fate.  In  one  of  the  appendices  is  an 
account  of  the  “  sea  lion,”  and  the  following  interesting  account  is 
given  of  the  way  in  which  Mrs.  Sea  Lion  manages  her  family : — “  It 
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might  be  supposed  that  these  animals,  even  when  young,  would 
readily  go  into  the  water,  that  being  one  of  their  natural  instincts ; 
but,  strange  to  say,  such  is  not  the  case ;  it  is  only  with  the 
greatest  difficulty,  and  a  wonderful  display  of  patience,  that  the 
mother  succeeds  in  getting  her  young  in  for  the  first  time.  I  have 
known  a  cow  to  be  three  days  in  getting  her  calf  down  half  a  mile  and 
into  the  water ;  and  what  is  most  surprising  of  all,  it  cannot  swim 
when  it  is  in  the  water.  This  is  the  most  amusing  fact — the  mother 
gets  it  on  her  back,  and  swims  along  very  gently  on  the  top  of  the 
water  ;  but  the  poor  little  thing  is  floating  all  the  time,  and  con¬ 
tinually  falling  from  its  slippery  position,  when  it  will  splutter  about 
in  the  water  precisely  like  a  little  boy  who  gets  beyond  his  depth, 
and  cannot  swim.  Then  the  mother  gets  underneath  it,  and  it 
again  gets  on  her  back.  Thus  they  go  on,  the  mother  frequently 
giving  an  angry  bellow,  the  young  one  constantly  bleating  and 
crying,  frequently  falling  off,  spluttering,  and  getting  on  again,  very 
often  getting  a  slap  from  the  flipper  of  its  mother,  and  very  often 
she  gives  it  a  very  cruel  bite.”  Notwithstanding  this  severity  of 
maternal  discipline,  the  sea  lioness  is  very  fond  of  her  young,  after 
her  own  fashion. 

Proceedings  and  Transactions  op  the  Nova  Scotian  Institute  of 
Natural  Science  of  Halifax,  Nova  Scotia.  Part  III.— The  papers 
in  this  publication  evince  a  degree  of  mental  activity  that  we  are 
afraid  few  of  our  colonies  could  equal.  Hr.  Gilpin  discourses  on  the 
Mammals  of  Nova  Scotia,  Captain  Hardy  has  a  paper  on  Provincial 
Acclimatization,  and  Professor  Lawson  endeavours  to  show  that 
the  heather  ( Galluna  vulgaris')  is  a  genuine  native  of  the  province 
of  Nova  Scotia.  He  was  told  he  should  find  it  at  St.  Ann’s, 
and  he  says— “  On  reaching  that  place  I  found  the  Galluna  was 
growing  in  a  bit  of  boggy  land,  among  stumps  of  spruce  trees,  on 
an  uncleared  part  of  TJIston  farm,  belonging  to  John  Pobertson, 
Esq.,  President  of  the  St.  Ann’s  Agricultural  Society,  who  proceeded 
with  me  to  the  spot,  and  informed  me  that  he  had  known  the  plant 
to  have  existed  there  for  about  ten  years.  It  was  originally  noticed 
by  a  Highlander  when  mowing,  who  immediately  ran  to  his  master, 
exclaiming,  ‘  I  have  found  heather  !’  ”  Professor  Lawson  expressed 
his  belief  that  the  plant  was  a  genuine  native.  Other  papers 
relate  to  the  Peptilia  of  Nova  Scotia,  reported  on  by  Mr.  Jones,  and 
its  Economic  Mineralogy,  by  Dr.  How. 
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BY  W.  B.  TEGETMEIER. 

During  the  past  month  the  scientific  meetings  have  not  been  dis¬ 
tinguished  by  the  announcements  of  any  new  discoveries,  nor  have 
many  papers  of  extreme  interest  been  read  or  discussed.  The  Anthro¬ 
pological  Society  had  a  special  meeting  at  St.  James’s  Hall,  to  hear 
a  paper  by  Captain  Pirn  on  “  The  Negro, ’’but  the  subject  was  treated 
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with  reference  to  recent  events  in  Jamaica  rather  than  from  a  strictly 
scientific  point  of  view.  The  minds  of  men  are  far  too  much  affected 
by  party  feeling  at  the  present  time  to  render  possible  the  calm  and 
philosophic  discussion  of  matters  relative  to  the  negro. 

The  nature  of  the  Eozoon  was  discussed  at  the  Geological 
Society,  a  paper  from  Professor  King  and  Dr.  ttowney  being 
read,  in  which  the  authors  stated  that  Eozoonal  Serpentine 
consisted  essentially  of  variously  formed  granules  of  chrysolite, 
or  some  other  allied  mineral,  bedded  in  or  intermixed  with 
calcite.  Although  differing  in  some  respects  from  the  typical 
form  as  seen  in  the  Greville  Hock,  the  varieties  of  Serpentine 
which  they  have  examined  from  Connemara,  Donegal,  the  Isle 
of  Skye,  India,  Bavaria,  and  the  State  of  Delaware,  are  con¬ 
sidered  as  belonging  to  the  same  section.  The  Serpentine  from 
Cornwall,  the  Isle  of  Anglesea,  and  Saxony,  which  appears 
to  be  devoid  of  Eozoonal  structure,  they  were  disposed  to  look 
upon,  but  with  considerable  doubt,  as  an  eruptive  rock.  The 
authors  stated  their  conviction  that  every  one  of  the  presumed 
organic  structures  of  Eozoonal  Serpentine  is  purely  and  primarily 
mineral  or  crystalline.  The  “  skeleton”  they  held  to  be  identical 
with  the  calcareous  matrix  of  certain  minerals,  notably  chondrodite, 
pargasite,  etc.  They  adduced  various  considerations  to  show 
that  the  ‘  ‘  proper  wall”  cannot  have  resulted  from  pseudopodial 
tubulation.  The  dendritic  and  other  forms,  considered  to  represent 
the  “  canal  system,”  were  shown  to  be  tufts  of  metaxite,  or  some  other 
allied  variety  of  chrysolite ;  and  in  their  opinion  they  are  no  more 
than  embedded  “  imitative  ”  crvstallizations.  What  have  been  taken 
for  “  stolons,”  they  were  convinced  are  for  the  most  part  crystals  of 
pyrosclerite.  The  “  chamber  casts  ”  were  considered  to  be  identi¬ 
cally  represented  among  both  minerals  and  rocks — in  the  former  by 
the  grains  of  chondrodite,  pyrallolite,  pargasite,  etc.  ;  and  in  the 
latter  by  the  segmented  kernels  of  native  copper,  zeolites,  etc.,  in 
eruptive  rocks  ;  also  by  the  remarkable  botryoidal  and  other  shapes 
which  occur  in  the  Permian  limestone  of  Durham.  The  authors 
concluded  by  offering  it  as  their  opinion  that  Eozoonal  Serpentine 
is  a  metamorphic  rock;  and  they  threw  out  the  suggestion  that 
it  may  in  many  cases  have  also  undergone  a  pseudomorphic 
change. 

On  the  same  evening  Dr.  W.  B.  Carpenter  read  a  paper  on  u  The 
Structure  and  Affinities  of  Eozoon  Cancidensefi  in  which  he  stated 
that  a  recent  siliceous  cast  of  Ampkistegina  from  the  Australian  coast 
exhibited  a  perfect  representation  of  the  “  asbestiform  layer,”  which 
was  fully  described  in  his  article  on  the  structure  of  Eozoon  in  the 
Intellectual  Observer,  and  which  led  him  to  infer  the  nummuline 
affinities  of  that  ancient  foraminifer — a  determination  which  has 
since  been  confirmed  by  Dr.  Dawson.  This  “  asbestiform  layer  ” 
was  then  shown  to  exhibit  in  Eozoon  a  series  of  remarkable  varia¬ 
tions,  which  can  be  closely  paralleled  by  those  which  exist  in  the 
course  of  the  tubuli  in  the  shells  of  existing  nummuline  formanifera, 
and  to  be  associated  with  a  structure  exactly  similar  to  the  lacunar 
spaces  intervening  between  the  outside  of  the  proper  wails  of  the 
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chambers  and  the  intermediate  skeleton  ,  by  which  they  become  over¬ 
grown,  formerly  inferred  by  the  author  to  exist  in  Galcarina. 

Dr.  Carpenter  then  combated  the  opinion  advanced  by  Professor 
King  and  Dr.  Rowney  in  the  preceding  paper,  and  stated  that  even 
if  the  remarkable  dendritic  passages  hollowed  out  in  the  calcareous 
layers,  and  the  arrangements  of  the  minerals  in  the  Eozoic  limestone, 
could  be  accounted  for  by  inorganic  agencies,  there  still  remains  tho 
nummuline  structure  of  the  chamber  wails,  to  which,  the  author 
asserts,  no  parallel  can  be  shown  in  any  undoubted  mineral  product. 

In  conclusion,  he  stated  that  he  had  recently  detected  Eozoon  in 
a  specimen  of  ophicalcite  from  Bohemia,  in  a  specimen  of  gneiss 
from  near  Moldau,  and  in  a  specimen  of  serpentinous  limestone  sent 
to  Sir  Charles  Lyell  by  Dr  Gumbel  of  Bavaria. 

Among  the  members  of  the  Royal  Geographical  Society  much 
anxiety  has  been  excited  respecting  the  fate  of  the  gallant  explorers, 
Baron  von  der  Declcen  and  his  party.  Science  has  its  martyrs  as 
well  as  religion ;  and  of  the  sciences  which  have  contributed 
members  to  this  noble  army,  geography  has  been  by  no  means 
behind-hand.  Mysterious  Africa,  attacked  on  all  sides  by  brave 
men  who  will  to  wrest  her  secrets  from  her,  has  found  means  to 
defend  step  by  step  almost  every  foot  of  her  newly  explored  soil. 
Even  if  death  has  not  awaited  the  adventurers,  they  have  often 
met  with  disease  in  painful  forms — with  opposition  from  native 
tribes — even  at  times  with  more  or  less  prolonged  captivity.  Baron 
von  der  Decken,  at  his  own  expense,  had  fitted  up  two  vessels  with 
which  to  sail  up  the  river  Juba,  one  of  those  great  East  African 
streams  of  which  as  yet  so  little  is  known.  The  embouchure  of  the 
Juba  is  only  about  thirteen  miles  south  of  the  equator.  In  attempt¬ 
ing  to  cross  the  bar  at  the  mouth  of  the  river,  the  Baron  lost  the 
smaller  of  his  two  vessels.  Farther  up  the  stream,  the  larger  one 
ran  aground  on  a  sand-bank,  and  had  to  be  left.  All  that  was  pos¬ 
sible  to  be  removed  was  taken  out  of  her,  and  the  party  encamped 
on  the  bank  of  the  river.  The  Baron,  with  a  companion,  went  to 
seek  aid  from  the  natives,  with  a  number  of  whom  there  had  before 
been  some  slight  dispute.  He  did  not  return,  and  the  remainder  of  his 
party  were  attacked  by  a  crowd  of  natives,  who  killed  some  of  the 
Europeans  and  wounded  others.  Lieutenant  von  Shickh,  who  was 
left  in  command,  considered  his  position  as  no  longer  tenable,  and 
so  made  the  best  of  his  way  back  to  Zanzibar  with  those  of  the  party 
who  remained. 

The  fate  of  the  Baron  is  a  matter  of  doubt  and  painful  surmise. 
He  is  supposed  to  have  fallen  into  the  hands  of  some  of  the  Somauli 
tribes  ;  and  if  this  is  the  case,  we  are  assured  by  Colonels  Rigby  and 
Playfair,  H.B.M.’s  late  and  present  Consuls  at  Zanzibar,  that  there  is 
ground  of  hope  for  his  life.  The  Somauli  are  fond  of  retaining 
Europeans  as  captives,  but,  so  far  as  is  known,  do  not  put  to  death 
those  who  fall  into  their  hands.  This  opinion  has  been  confirmed 
in  a  letter  addressed  to  one  of  the  daily  papers  by  a  former  resident 
in  Eastern  Africa,  who  has  had  considerable  intercourse  with  the 
Somauli.  It  is  greatly  to  be  hoped  that  these  anticipations  may 
prove  correct.  It  will  be  recollected  that  Baron  von  der  Decken  has 
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already  done  good  service  to  geography  in  undertaking  the  explo¬ 
ration  of  Monnt  Ivilimandjaro,  and  that  he  received  the  Founder’s 
Gold  Medal  of  the  Royal  Geographical  Society  for  his  intrepid  and 
successful  journey. 


NOTES  AND  MEMORANDA. 

Spectrum  op  Temper’s  Comet. — The  following  letter  addressed  by  Padre 
Secchi  to  the  editor  of  the  Giornale  di  Roma  will  be  read  with  interest  in  con¬ 
nection  with  the  observations  of  Mr.  Huggins,  given  in  our  last  number.  We  are 
indebted  to  Mr.  Freeman  for  sending  us  the  translation  : — 

“  Rome,  9 th  Jan.,  1866. 

cc  Permit  me  to  communicate  to  you  the  result  of  an  important  observation 
made  yesterday  evening  on  Tempel’s  comet.  Examining  the  light  of  this  object 
with  the  spectroscope,  I  found  that  its  spectrum  was  very  peculiar.  It  was  com¬ 
posed  of  three  principal  lines  projected  on  a  very  faintly -shaded  ground.  The 
chief  of  these  three  lines  is  pretty  bright,  and  occupies  a  space  as  broad  as  that  of 
group  6  of  Fraunhofer.  It  is  susceptible  of  measurement,  and  its  position  corre¬ 
sponded  with  the  green  colour  towards  the  middle,  and  precisely  at  two-fifths  of 
the  interval  which  separates  the  group  6  from  the  line  E  in  the  spectrum  of 
Fraunhofer,  reckoning  from  6  towards  F.  The  other  two  lines  are  extremely  faint, 
and  it  was  impossible  to  fix  their  position,  as  much  owing  to  the  faintness 
of  the  comet  as  to  the  clouds  which  rose  from  the  horizon.  One  of  these 
is  very  near  to  the  greater  one,  and  is  distant  from  it  towards  the  red  but  little 
more  than  the  breadth  of  the  principal  line,  the  other  is  towards  the  violet,  at 
some  distance.  If  the  comet  increases  in  brightness  every  endeavour  will  be  made 
to  determine  its  exact  position.  Besides  the  above-mentioned  lines,  there  is,  as 
it  were,  a  general  roundness  slightly  diffused,  such  as  the  spectrum  would  be  of  a 
star  of  the  8  or  9  mag.,  which  is,  perhaps,  the  little  nucleus  which  the  comet  itself 
shows. 

“  The  nature  of  this  spectrum  of  the  comet  is  quite  different  from  that  of 
planets,  and  of  the  solar  light  reflected  from  them,  it  is  indeed  different  from  that 
of  the  stars,  and  is  analogous  only  to  that  of  nebulae,  which,  as  is  known,  are  of 
monochromatic,  light.  But  the  tint  of  this  light  of  the  comet  is  different  from 
that  of  the  nebulae,  and  is  separated  from  it  by  more  than  all  its  breadth,  as  is 
verified  in  the  nebulae  of  Orion.  Many  other  nebulae  of  irregular  form,  examined 
during  the  past  summer,  showed  their  light  to  be  analogous  to  that  of  Orion. 

“  The  actual  comet,  however,  belongs  to  the  nebulous  category  by  its  mono¬ 
chromatism  ;  it  approaches  it  in  similarity  in  having  also  its  light  green,  but  it  is 
manifestly  of  different  refrangibility. 

“  It  is  known  that  this  monochromatic  condition  of  the  light  of  the  nebulae  is 
attributable  to  a  molecular  constitution  different  from  that  which  forms  the  planets 
and  stars ;  hence,  also,  this  comet  would  have  the  same  structure.  It  is  com¬ 
monly  believed  that  the  structure  of  the  nebulae  is  that  of  matter  in  a  state  of  ex¬ 
treme  tenuity,  and  almost  atomic,  the  same  may  be  said  of  this  comet. 

“  We  are  not  able  to  say  whether  this  is  a  property  of  all  comets,  owing  to  the 
■want  of  data,  and  it  can  only  be  determined  after  the  examination  of  many  of 
these  bodies.  But  from  this  sole  fact,  it  already  appears  that  astronomers  have, 
with  reason,  expected  from  spectroscopic  researches  the  solution  of  many  problems 
of  celestial  physics.  From  such  observations,  it  would  appear  that  not  all  the 
light  which  comes  from  the  comet  is  reflected  from  the  sun,  or  if  it  is  so,  that  it 
suffers  a  singular  amount  of  absorption. 

“  It  is  not  improbable  that  the  faint  diffused  light  which  forms  the  ground  of 
the  spectrum  is  due  to  the  light  reflected  from  the  sun,  and  that  the  residue  is  the 
light  itself  of  the  comet. 
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“For  further  studies  the  solution  is  reserved  of  these  questions,  the  existence 
of  which  we  can  at  present  only  point  out. — I  have  the  honour,  etc., 

“  P.  A.  Secchi.” 

Auroral  Arches,  7th  Feb. — Mr.  Alexander  Herschel  describes  a  fine  auroral 
arch  seen  by  him  at  Bagshot,  at  6h.  52m.  p.m.  It  had  the  appearance  of  a  bril¬ 
liant  bow  of  silvery  white  light  3°  or  4°  in  width,  and  bent  like  a  flat  arch  towards 
the  horizon,  spanning  the  N.W.  horizon  at  an  altitude  of  only  a  few  degrees.  At 
6h.  55m.  the  arch  resolved  itself  into  tall  vertical  streamers  of  moving  light,  and 
a  few  minutes  later  disappeared.  Mr.  T.  O.  Barker,  writing  from  Newcastle-on- 
Tyne,  says  that  on  the  same  evening  auroral  arches  and  radiations  were  visible 
from  7  to  9.  At  7'15  he  saw  a  well-defined  and  distinct  arch  about  9°  wide, 
extending  from  E.  to  W.  It  passed  over  Cygnus,  the  northern  extremity  of 
Ursa  Minor,  and  the  northern  end  of  Ursa  Major.  Stars  were  distinctly  visible 
through  it.  Coruscations  of  auroral  light  at  the  same  time  emanated  from  a 
width  of  about  40°  of  the  northern  horizon,  and  rose  to  the  zenith  when  they 
culminated  in  a  point,  crossing  Polaris  in  their  course,  and  passing  through  or 
under  the  luminous  arch. 

Biela’s  Comet. — This  comet  does  not  appear To  have  been  found  as  reported. 
In  the  Astr.  Nachr .,  1571,  Father  Secchi  states  that  all  hope  of  finding  it  has 
vanished,  but  in  the  search  he  met  with  several  faint  nebula  not  down  in  Sir  J* 
Herschel’s  catalogue. 

The  Orion  Nebula. — Father  Secchi  states  the  nebulous  matter  is  prolonged 
from  49  and  v  to  £  of  this  constellation. 

Trichina  Spiralis. — We  have  received  from  Mr.  Collins  a  beautifully-pre- 
pared  slide  of  this  curious  parasite,  which  has  recently  occasioned  so  many  deaths 
in  Germany.  The  slide  in  question  contains  a  thin  and  very  small  slice  of  pork, 
in  which  are  a  multitude  of  cells,  with  the  worm-like  Trichina  coiled  up  in  them. 
The  history  of  this  parasite  will  be  found  in  Dr.  Cobbold’s  JEntozoa.  The  prac¬ 
tice  of  eating  raw  and  partially-cooked  pork  is  very  favourable  to  the  introduction 
of  these  creatures  in  the  human  organism. 

Supplementary  Eyes  in  a  Fish. — Professor  Leuckart  considers  that  certain 
brilliant  spots  grouped  with  more  or  less  regularity  on  certain  Scopelinide  fish, 
and  particularly  on  the  Chauliodus  Sloanii ,  are  accessory  eyes.  The  existence  of 
more  than  a  thousand  such  ejes  in  a  vertebrate  animal  is  quite  unexpected. 
They  are  distributed  over  the  hyoid  and  its  dependencies,  on  the  head  and  on  the 
belly,  where  they  form  two  parallel  rows.  Professor  Leuckart’s  opinion  is  based 
on  the  anatomical  structure  of  the  organs,  which  have  the  form  of  little  cylinders, 
with  the  anterior  part  occupied  by  a  spherical  body  like  a  crystalline  lens,  behind 
which  is  a  sort  of  vitreous  body.  No  more  has  yet  been  detected,  but  the  speci¬ 
mens  examined  have  not  been  fresh.  Similar  appearances  are  found  in  the  genus 
Stornias.- — Archives  des  Sciences ,  97.  JBericht  iiber  die  versam.  der  Deutsch 
Naturrf.  u.  Aerzte,  18G5. 

Amazonian  Fishes, — M.  Milne  Edwards  has  read  a  letter  from  M.  Agassiz, 
stating  that  he  has  tripled  the  number  of  species  of  fish  known  to  exist  in  the  Amazon 
and  its  affluents.  He  has  discovered  many  new  forms  and  fresh  facts,  such  as  the 
hatching  of  their  eggs  by  several  fishes  of  the  Chromide  family.  This  performance 
takes  place  in  the  pharyngeal  portion  of  the  facial  cavity.—  Comptes  Rendus.l  \ 

New  Polarizing  Prisms. — MM.  Hartnack  and  Prazmowski  recommend 
deviating  from  the  form  of  the  Niehol  prisms.  The  shape  they  recommend  is 
shorter,  and  has  both  ends  normal  to  the  incident  and  emergent  rays.  According 
to  the  cementing  substance  employed  they  give  the  following  angles  : — With 
Canada  balsam,  refracting  index  1549,  the  faces  of  the  Iceland,  spar  make  with  the 
plane  of  section  an  angle  of  79° ;  with  balsam  of  copaiba,  index  refr.  1507,  the 
angle  is  760,5  ;  with  linseed  oil,  index  refr.  1485,  the  angle  is  730,5;  rich  poppy 
oil,  index  refr.  1463,  7l°'l.  The  two  middle  ones  give  the  largest  angle  of  the 
field — namely,  35°. 
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Engraving  on  G-lass. — MM.  Tessie  du  Mothay  and  C.  R.  Marechal  describe 
their  mode  of  engraving  on  glass  so  as  to  produce  a  dull  surface  (mat).  They 
observe  that  a  solution  of  hydrofluoric  acid  in  water  produces  bright  etching  lines 
on  glass,  as  it  dissolves  everything  it  meets,  while  the  gaseous  hydrofluoric  acid 
makes  dull  bites  in  the  glass.  Eor  etching  on  glass  or  crystal  they  recommend  a 
solution  of  250  grammes  of  fluoride  of  potassium,  well  crystallized,  in  1000 
grammes  of  water,  and  250  grammes  of  hydrochloric  acid  ;  and  then,  to  render  the 
fluorides  of  lead  and  lime  less  soluble,  they  add  about  140  grammes  of  sulphate  of 
potash,  or  instead  of  the  last-named  salt,  sulphate  of  ammonia,  or  oxalate  of 
potash,  or  some  chloride,  like  that  of  zinc,  which  has  a  strong  affinity  for  water. 

Photographic  Rest.— Mr.  How  has  shown  to  us  the  Patent  Universal  Rest 
devised  by  Mr.  Sarony,  of  Scarborough.  It  is  a  very  ingenious  invention, 
providing  a  comfortable  support  for  photographic  patients  of  all  sizes  and  in  all 
positions.  The  instrument  admits  of  most  diversified  positions,  and  where  the 
back  of  a  person  having  a  portrait  taken  is  supported  by  it,  it  is  easy  to  keep  all 
the  body  and  the  head  steady  without  the  annoyance  of  the  ordinary  head  rest. 

Sun  Spots. — M.  Eaye  sums  up  a  paper  in  Comptes  Renclus  (No.  25,  1865), 
by  saying  that  “  sun  spots  are  not  due  to  protuberances  or  clouds  above  the  pho¬ 
tosphere,  nor  can  they  be  likened  to  superficial  scorim  ;  but  they  are  openings 
accidentally  made  in  a  luminous  envelope,  the  thickness  of  which  appears  to  be 
composed  with  from  900  to  1600  leagues.  Many  irregularities,  in  appearance 
capricious,  long  observed  by  astronomers,  and  ascribed  to  a  gyration  analogous  to 
that  of  w'ater-spouts  and  cyclones,  whether  from  a  spontaneous  tendency  of  spots 
to  recede  from  one  another,  or  from  the  material  influence  of  adjacent  spots,  may 
be  explained  simply  by  a  new  irregularity  in  continuous  variation  of  motion  in 
different  parallels.  M.  Eaye  adds  that  the  regularity  in  spot  movements  appears 
incompatible  with  any  hypothesis  that  makes  the  photosphere  in  absolute  de- 
pendance  on  currents  engendered  otherwise  than  in  the  interior  of  the  sun’s 
mass.  “  The  progressive  retardation  of  the  rotation  of  the  photosphere  as  the 
poles  are  approached,  is  so  regular,  that  we  could  not  perceive  in  it  the  effects  of 
cyclones  confined  to  so  limited  an  area  as  the  external  atmosphere.” 

Size  oe  Star  Discs. — Monthly  Notices,  December  8,  contains  a  Paper  by 
E.  J.  Stone,  Esq.,  “  On  the  Telescopic  Discs  of  Stars,”  in  which  he  says,  “theory 
informs  us  that  if  a  pencil  of  homogenous  light  diverge  from  one  point,  and  after 
refraction  through  a  lens,  with  a  circular  aperture,  converge  accurately  to  a  focus, 
then  instead  of  a  single  point  of  light  at  the  focus,  we  shall  have  a  small  disc  of 
light,  the  intensity  of  the  illumination  of  which  rapidly  degrades  to  a  ring  of  ab¬ 
solute  blackness,  then  increases  to  a  ring  of  maximum  illumination,  then  decreases 
to  a  ring  of  absolute  blackness,  and  so  on  for  many  alternations  ;  the  illumination, 
however,  at  the  different  maximum  degrades  with  such  rapidity,  that  at  the  first, 
second,  and  third  maximum  we  have  respectively  Ath,  iricth,  and  ^Uth  of  the 
illumination  at  the  centre  of  the  disc.”  Mr.  Stone  also  says,  “  If  we  should 
attempt  to  compare  the  measures  of  star  discs  of  different  apertures,  theory  would 
not  necessarily  require  these  measures  to  be  in  the  exact  inverse  ratio  of  the  radii 
of  the  apertures.  It  would,  however,  require  that  any  diminution  of  brightness 
in  the  image, iany  increase  of  magnifying  power  applied  to  the  telescope,  should 
be  followed  by  a  tendency  in  the  measures  to  come  out  smaller.”  Mr.  Stone  gives 
a  table  of  the  theoretical  degradation  in  the  brightness  of  the  central  disc.  The 
light  at  the  centre  is  taken  as  an  unit,  and  the  angular  distance  from  the  centre  to 
the  first  black  ring  is  divided  into  twenty  parts.  This  table  shows  that  for  some 
considerable  distance  from  the  black  ring  the  intensity  of  the  light  is  exceedingly 
feeble  as  compared  with  the  centre.  At  the  9th  of  these  divisions  it  is  about  one- 
half,  and  at  the  17th,  about  one  quarter.  If  the  visible  disc  always  extended 
sensibly  to  the  first  ring,  the  size  of  star  discs  in  telescopes  would  vary  inversely  as 
the  radius  of  the  aperture,  “but  this  certainly  is  not  true,  for  if  so  the  apparent 
disc  of  a  faint  star  would  be  as  great  under  the  same  circumstances  of  vision  as 
that  of  a  bright  star.”  Mr.  Pritchard  asked  Mr.  Stone  whether  “  if  the  spherical 
aberration  in  one  telescope  were  better  corrected  than  in  another,  it  would,  ceteris 
paribus ,  have  a  tendency  to  reduce  the  size.”  Mr.  Stone  replied  in  the  affirmative. 
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Mr.  Pritchard  then  expressed  the  very  rash  opinion  that  “a  telescope  possessing 
an  amount  of  spherical  aberration  that  would  interfere  with  the  diameter  of  the 
disc,  would  be  such  a  telescope  as  no  honest  man  would  venture  to  sell,  and  no 
skilful  man  would  trouble  himself  to  use.” 

Me.  Dancee  on  Opaque  Illumination.— At  the  Manchester  Philosophical 
Society,  Mr.  Dancer  exhibited  on  the  28tli  of  November,  a  mode  of  illuminating 
opaque  objects  under  high  powers,  the  same  as  that  devised  by  Mr.  Smith,  and 
shown  by  Mr.  Ross — namely,  placing  a  small  mirror  so  as  to  throw  light  down  one 
tube  of  a  binocular  instrument.  Another  contrivance  recommended  by  Mr. 
Dancer,  is  a  small  mirror  Ith  of  an  inch  in  diameter,  inserted  2 o  inches  above 
the  objective,  and  receiving  light  through  an  opening  in  the  side  of  the  tube. 
This  is  merely  a  modification  of  Prof.  Smith’s  plan,  and  without  the  diaphragms 
which  make  the  latter  more  complete. 

Wakm  Wintees. — M.  de  Fouvielle  observes  in  Cosmos  that,  {c  the  present 
season  is  not  so  exceptional,  as  many  persons  unacquainted  with  meteorological 
history  may  suppose.  Among  the  months  of  December  and  January,  which  may 
rival  those  which  have  just  elapsed,  we  may  cite  those  of  1822  and  1824.  Still 
further  back  in  history,  we  find  January  584,  famous  for  the  roses  which  the  sub¬ 
jects  of  Fredegonde  gathered  in  the  fields  round  Paris.  The  year  1829,  when 
Charles  of  Anjou  ascended  the  throne  of  Sicily,  also  afforded  roses  and  violets 
during  its  winter.  Chroniclers  report  that  the  winter  of  1420  was  so  mild,  that 
cherries  were  ripe  in  August,  and  grapes  in  May.  If  we  may  believe  what  they 
say  of  1585,  that  year  was  not  less  favoured,  as  corn  was  in  the  ear  at  Easter.” 
He  also  mentions  the  year  1719,  as  one  in  which  most  trees  flowered  in  the  early 
months  ;  but  then  frosts  came  on  in  March  and  April. 

Celestial  Photogeaphy — In  the  Photographic  Section  of  the  Philosophica 
Society  of  Manchester,  Mr.  Brothers  read  an  interesting  paper  on  this  subject,  on 
the  15th  December.  He  uses  a  very  simple  mode  of  attaching  the  plate-holder  to 
the  eye-piece,  by  a  piece  of  sliding  brass  tube.  He  gives  a  sketch  of  the  apparatus, 
and  the  paper,  as  printed,  is  accompanied  by  a  view  of  the  moon  from  a  negative 
of  Mr.  Rutherford,  taken  with  a  refractor  11  £  inches  aperture,  and  corrected  for 
the  chemical  ray. 
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THE  MUSK-RATS  AS  BUILDERS  AND  MINERS  * 

BY  j.  k.  lobd,  r.z.s. 

( With  a  Coloured  Plate.) 

The  genus  Fiber  bas  hitherto  been  based  on  a  solitary  species, 
the  well-known  musk-rat — Fiber  zibethicus  of  zoologists — the 
musquash  of  Canadian  trappers  and  fur  traders,  the  ooklak  of 
the  inland  Indians  west  of  the  Rocky  Mountains.  Strictly 
American  mammals,  musk-rats,  true  to  their  native  proclivities, 
are  habitual  wanderers,  regardless  of  even  “  Squatter's  Pre¬ 
emptive  Law,"  unscrupulously  seize  on  “  new  locations "  that 
best  befit  their  tastes  and  requirements. 

A  summer  travelling  party  of  musk-rats,  on  discovering  a 
desirable  spot  for  a  settlement,  at  once  appropriate  it.  One 
species  sets  to  work  and  erects  neat  little  dwellings,  that  are 
always  placed  in  the  water ;  the  building  materials  fringe 
the  pool,  fixed  on  as  the  village  site.  The  other  species, 
diggers  by  profession,  scorn  the  builder's  art,  and  excavate 
houses  on  the  bank  of  some  lazy  stream  or  muddy  pool. 

The  requisite  establishments  complete,  the  emigrants  settle 
quietly  to  the  “  struggle  for  existence,"  and  patiently  bear  as 
best  they  can,  the  ills  that  musquash,  like  all  other  flesh,  is 
heir  to. 

A  happy  adaptability  to  extreme  climatal  changes,  enables 
the  musk-rat  to  endure  the  scorching  heat  of  an  inter-tropical 
sun,  or  the  nipping  cold  of  an  Arctic  winter,  with  trifling 

*  Fiber  zibethicus,  Musk-Rat. 

Synoynm.  —  Castor  zibethicus ,  “  Lin.  Syst.  Nat.,”  i.,  1766. 

Mus.  zibethicus ,  “  G-melin  Syst.  Nat.,”  i.,  1788. 

Myocastor  zibethicus,  “Kerr’s  Linnaeus,”  1792. 

Fiber  zibethicus,  Cut.,  R.A.I.,  1817,  192. 

Lemmus  zibethicus ,  “  Fischer  Synop.,”  1829,  289. 

Ondatra  zibethicus ,  “Waterhouse  Mag.  Nat.  Hist.,”  iii.,  1839,  59 1. 

Musk  Beaver,  “  Pennant’s  Arct.  Zool.” 

Musquash,  Wach-usk  of  the  Ores  and  Hurms  (the  animal  that  sits 
on  the  ice  in  a  round  form). 

Nov.  Sp. — Fiber  osoyoosensis  (Lord),  “Proc.  Zool.  Soc.,”  London,  1863. 
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inconvenience  either  to  its  health  or  happiness.  Throughout 
the  length  and  breadth  of  Canada — tenanting  the  shoals  of  its 
countless  lakes,  the  banks  of  its  many  rivers,  the  oozy  swamps 
and  muddy,  stagnant  pools — musk-rats  are  always  to  be 
found.  Away  into  the  trackless  wastes  of  the  Hudson's  Bay 
Company ;  by  the  lone,  still  ponds  scattered  over  the  sunny 
prairies,  or  hid  neath  the  shadows  of  the  lofty  pines  ;  in  dark, 
miry  wastes,  amid  fungoid  growths,  sedge  plants,  and  per¬ 
petual  decay ;  along  the  banks  of  tortuous  rivers,  from  their 
sources — mere  mountain  burns,  trickling  down  the  craggy 
sides  of  the  Rocky  Mountains — to  their  mingled  exit  into  the 
Atlantic,  as  the  great  St.  Lawrence ;—  musk-rats  live,  thrive, 
and  multiply.  Cross  the  snow-clad  heights  of  the  Rocky 
Mountains,  and  descend  their  western  slopes,  through  hotter 
lands,  to  the  shores  of  the  Pacific ;  from  the  Rio- Grande  to 
the  desolate  regions  of  Arctic  America ;  through  fertile  Cali¬ 
fornia  ;  grassy,  flower- decked  Oregon ;  Washington  Territory, 
with  its  deserts  and  mountains ;  and  the  densely-timbered 
wilds  of  British  Columbia,  to  its  junction  with  Russian  Ame¬ 
rica;  on  rocky  Vancouver  Island,  as  well  as  every  island  of 
any  size  in  the  Gulf  of  Georgia ; — musk-rats  have  found  their 
way,  built,  and  burrowed.  It  was  once  supposed,  that  the 
musk-rat  had  made  its  way  to  the  Asiatic  side  of  Behring's 
Straits,  but  there  can  be  but  little  doubt  the  skins  obtained 
from  Kamschatka  and  Tschucktchis  are  traded,  or  bartered, 
from  native  tribes  living  on  the  American  shores. 

There  are  many  structural  points  of  similarity  betwixt 
the  musk-rats  and  Arvicolas,  or  “field-mice;"  still  the  pecu¬ 
liarly  formed  feet,  flattened  tail,  much  larger  size,  and  singu¬ 
larities  of  habit  in  the  former,  distinctly  separates  the  two 
genera.  Indeed,  the  musk-rat  seems  to  fill  a  gap,  as  it  were, 
between  the  “  field-mice "  ( Arvicolince )  and  the  porcupines 
(Hystncidw) .  The  sub-family  (Gasterince) ,  which  the  famed 
beaver  represents,  connects  the  squirrels  and  marmots 
( Sciurissoe ),  on  the  one  hand,  with  the  gophers  ( Geomyince )  on 
the  other.  The  teeth  of  the  musk-rat  are  of  arvicoline  type. 
The  first  and  third  molars  are  longer  than  the  second,  the 
second  being  wider  than  either  of  the  other  two.  The  grind¬ 
ing  surface  of  the  first  molar  has  two  indentations  or  re¬ 
entrant  .  angles  on  each  side ;  the  second,  two  outside  and 
one  inside ;  the  third,  three  outside  and  two  inside.  The 
first  and  third  grinders  have  five  prisms  or  projections  on 
their  surfaces,  the  second  four.  The  loops  of  enamel  ex¬ 
tending  across  the  tooth,  and  joining  the  enamel  that 
encases  the  surface,  completely  isolates  the  patches  of  den¬ 
tine  ;  thus  a  mill-stone  is  formed  by  this  most  simple  con¬ 
trivance,  that  improves  in  grinding  power  the  more  it  is 


Builders  and  Miners. 


163 


worked,  and  never  needs  roughing  with  the  stone-cutter’s 
hammer. 

In  the  lower  jaw  the  first  molar  is  much  larger  than  the 
second  and  third,  which  are  about  equal  in  length  and  width. 
The  first  having’  five  indentations  inside  and  four  outside. 
The  other  grinders  have  each  two  on  either  side ;  the  angles  are 
alternate.  The  upper  cutting,  or  incisor  teeth,  are  broader 
than  the  lower,  plane  in  front,  but  bevelled  off  at  the  outside 
edges,  the  lower  being  more  rounded  away  than  are  the  upper. 
Like  the  teeth  of  all  the  rodents,  they  are  admirably  constructed 
chisels,  that  by  a  simple  arrangement  of  hard  and  softer 
materia],  sharpen  themselves,  the  cutting  edges  becoming  keener 
in  proportion  to  the  density  of  the  material  gnawed.  The  musk- 
raffs  mouth  is  truly  a  marvellous  mill,  worked  by  machinery  that 
needs  neither  steam  or  water-power  to  drive  it.  Its  millstones, 
by  the  side  of  which  man’s  best  contrivance  is  but  a  bungle — 
never  wear  smooth,  or  deteriorate  in  grinding  capabilities, 
however  hard  the  “  miller”  works.  To  supply  the  mill  are 
admirable  nippers  that  never  blunt,  and  always  remain  the 
same  length,  wear  and  growth  being  so  admirably  balanced. 

A  very  marked  peculiarity  in  the  skull  of  the  musk-rat 
(vide  woodcut)  is  the  curious  shape  of  the  temporal  bone ;  so 
compressed  is  it  betwixt  the  orbits  as  to  narrow  the  skull  into 
a  mere  isthmus,  not  at  all  wider  than  the  extreme  end  of  the 
muzzle.  Parietals  very  small ;  occipital  foramen  nearly 
circular. 

Fiber  osoyoosensis ,  Lord,  sp.  nov.  S •p.cha/t'. — In  total  length 
3J  inches  shorter  than  Fiber  zibethicus  (Cuv.)  ;  in  general  size 
much  smaller.  General  hue  of  back  jet-black;  but,  the  hair 
being  of  two  kinds,  if  viewed  from  tail  to  head,  it  looks  grey — 
the  under  fur  being  fine,  silky,  and  light  grey  in  colour ;  con¬ 
cealing  this  on  the  upper  surface  are  long  coarse  black  hairs ; 
the  belly  and  sides  somewhat  lighter;  head  broad  and  de¬ 
pressed  ;  neck  indistinct :  ear  small,  upper  margin  rounded ; 
eye  small  and  black ;  whiskers  long,  and  composed  of  about 
an  equal  number  of  white  and  black  hairs ;  incisors  nearly 
straight,  on  the  external  surface  orange-yellow. 

The  thumb  of  the  fore-foot  is  quite  rudimentary ;  the  third 
claw  is  considerably  longer  than  the  second  and  fourth. 
The  hind  feet  are  singularly  twisted,  the  inner  edges  being 
posterior  to  the  outer.  This  simple  modification  of  position, 
gives  the  animal  immense  power  in  swimming.  The  feet  are 
then  bent  towards  each  other ;  in  the  backward  stroke,  the  full 
expanse  of  the  flat  soles  pushes  against  the  water,  sending 
the  swimmer  forwards ;  in  the  forward  stroke  the  feet  are 
f‘  feathered,”  like  rowers  feather  an  car,  passing  through  the 
water  edge  on,  offers  the  least  possible  resistance.  The  claws 
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on  the  hind  feet  are  small,  compressed,  and  but  slightly  curved. 
The  skin  covering  the  under  surfaces  of  the  feet  is  black, 
wrinkled,  perfectly  naked,  and  keenly  sensitive  to  tactile  im¬ 
pressions.  A  distinct  web  joins  the  digits  for  about  half  their 
length  ;  the  upper  parts  of  the  feet,  are  clothed  with  short 
lustrous  hairs,  terminating  at  the  sides  in  a  fringe  of  stiff 
bristles,  which  increase  the  surface,  and  give  additional  force 
in  swimming.  Tail  nearly  as  long  as  the  body  without  the 
head,  cylindrical  at  the  base,  then  flattened  to  the  point.  The 
tail  curves  somewhat  to  a  sickle  shape ;  being  readily  bendable 
towards  the  belly,  its  point  can  be  made  to  touch  the  inferior 
surface  of  its  base ;  in  this  position  it  is  almost  circular,  like  a 


hoop.  This  is  a  highly  important  arrangement,  indispensable 
to  the  musk-rat.  A  more  perfect  rudder  was  never  designed 
than  is  this  flexible  tail.  If  swimming  when  freighted,  and  a 
stiff  breeze  curls  the  water  into  miniature  waves,  the  musk-rat 
drops  its  tail,  and  bending  it  more  or  less  according  as  it  needs 
extra  steering  power,  guides  itself  straight  for  the  desired 
haven.  In  calm  weather  and  smooth  water  the  rudder  is 
carried  horizontally,  and  a  slight  lateral  motion  close  to  the 
surface,  suffices  to  guide  the  living  ship.  It  is  worth  while 
to  note,  en  passant,  how  differently  the  beaver’s  rudder  is  built, 
as  compared  with  that  of  the  musk-rat’s — a  difference  easily 
accounted  for  when  we  know  their  respective  habits.  The 
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beaver  never  uses  its  tail  as  a  trowel ,  and  bas  no  more  idea  of 
“  latb  and  plaster”  than  a  hippopotamus  has  of  a  polka.  This 
story  is  a  myth,  and  the  sooner  the  absurd  fables  of  plastering, 
and  using  the  wondrous  tail  as  a  trowel,”  are  sponged  from 
out  all  books  on  natural  history  the  better. 

The  beaver,  with  a  heavy  log  of  green  timber  (that  would 
sink  like  a  stone  if  free)  clasped  between  its  fore-legs,  swims 
for  its  house.  The  counterpoise  to  this  overweight  at  the  bows 
is  the  downward  pressure  of  the  flat  tail  on  the  water ,  flattened 
more  horizontally  than  the  musk-raf’s.  Indeed,  the  tail  of  the 
beaver  is  much  like  an  ox-tongue  in  shape.  The  musk-rat, 
conveying  such  materials  through  the  water  as  are  light, 


Fiber  Zibethieua. 


Fiber  Osoyoosensis. 


needs  only  powerful  rudder-power,  having  no  forward  weight 
to  counterbalance.  The  tail  is  covered  with  small  hex¬ 
agonal  scales,  a  few  long,  coarse  hairs  irregularly  scattered 
over  it.  The  skull  differs  from  Fiber  zibethicus  in  being  much 
smaller,  2-b  inches  in  length,  1-J-  inch  in  width,  very  much  shorter 
from  the  anterior  molar  to  incisors ;  nasal  bones  much  more 
rounded  at  their  posterior  ends,  the  superior  outline  less  curved  ; 
postorbital  process  not  nearly  so  much  developed ;  the  cranial 
portion  of  the  skull  in  its  upper  outline  is  much  less  concave, 
and  smoother ;  superior  outline  of  occipital  bone  not  so  pro¬ 
minent  or  strong;  incisors  shorter  and  much  straighter ;  molars 
much  smaller,  but  in  general  outline  similar. 
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And  now  I  must  ask  my  readers  to  accompany  me,  in 
imagination,  to  tlie  Osoyoos  Lakes,  on  the  eastern  side  of  tke 
Cascade  mountains,  where  my  attention  was  first  directed  to 
the  rush-building  rat,  as  being  distinct  in  species  from  the  one 
that  burrows  in  the  mud  banks.  The  specific  name  osoyoosensis 
was  given  in  commemoration  of  the  discovery. 

This  magnificent  piece  of  water  is  formed  by  the  widening 
out  of  the  Okanagen  river  as  it  passes  through  a  deep  valley, 
walled  in  by  massive  piles  of  rock.  The  Osoyoos  Lake  may  be 
defined  as  one  huge  lake,  or  three  smaller  ones,  with  equal 
correctness  ;  as  a  narrowing  in  at  particular  points,  gives  the 
appearance  of  an  actual  division  into  separate  lakes.  The 
boundary-line  33  runs  through  its  centre,  so  that  one  half  the 
lake  belongs  to  England  (its  northern  half),  the  southern  to 
the  United  States.  The  shore  is  sandy,  like  a  sea-beach,  and 
strewn  thickly  with  fresh-water  shells  along  the  ripple  line, 
gives  it  quite  a  tidal  aspect.  On  either  side,  a  sandy,  treeless 
waste  stretches  away  to  the  base  of  the  hills,  so  carpeted 
with  cacti,  that  grow  in  small  knobs  covered  with  spines,  like 
vegetable  porcupines,  that  walking  on  it  without  being  shod 
with  the  very  thickest  boots,  is  to  endure  indescribable  torture, 
the  prickles  are  so  sharp  and  hard  that  they  slip  through 
ordinary  leather  like  cobbler’s  awls.  I  had  to  tie  up  both  dogs 
and  horses,  for  the  latter,  getting  the  prickly  knobs  into  their 
heels,  kicked  and  plunged  until  exhausted.  The  dogs  at  once 
got  three  or  four  fast  to  their  feet;  when  impatiently  seizing*  the 
vegetable  pests,  the  prickles  stuck  with  like  pertinacity  to  the 
tongue  and  cheeks.  I  have  no  hesitation  in  saying  a  dog  must 
inevitably  die  from  starvation  if  he  ventured  to  cross  this  waste 
alone  ;  once  getting  the  cactus  prickles  in  his  mouth,  unaided, 
he  could  never  free  himself.  A  low  divide  separates  this  valley 
from  the  Similkameen.  The  water  from  the  lakes  eventually 
finds  its  way  into  the  Columbia  river.  If  there  is  an  Eden  for 
water  birds,  Osoyoos  Lakes  must  surely  be  that  favoured  spot. 
At  the  upper  end  a  perfect  forest  of  tall  rushes,  six  feet 
in  height,  afford  ducks,  grebes,  bitterns,  and  a  variety  of 
waders,  admirable  breeding  haunts  ;  safe  alike  from  the  prying- 
eyes  of  birds  that  prey  on  their  kindred,  and  savages  that 
devour  anything. 

The  water,  alive  with  fish  of  many  species  (permanent 
residents),  becomes  during  “the  season”  crowded  with  lordly 
salmon  like  a  fashionable  watering-place  ;  thus  affording  a  per¬ 
petual  banquet  to  birds  that  devour  fishes.  The  tempting, 
juicy  mollusks,  “like  turtle,”  seems  palateable  to  all,  be  the 
diners  scale-clad  or  feathered.  On  one  side  of  this  lake  is  a 
swamp,  in  which  are  numerous  pools,  some  of  them,  deep  in 
the  middle,  shoal  at  the  sides  to  a  few  inches,  all  alike  fringed 
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with  a  tall  growth  of  rushes.  In  these  aquatic  snuggeries, 
ducks,  literally  swarm  thick  as  bees  round  thorn-blossoms. 
Here,  too,  musk-rat  houses  may  be  likened  to  cities  rather  than 
villages — the  inhabitants,  swimming  idly  about,  just  diving 
out  of  the  way  if  I  came  too  near,  reappearing  a  short  distance 
off,  evidently  deemed  me  an  impudent  intruder.  Two  were 
shot,  one  of  which  forms  the  subject  of  the  illustration. 

For  years  I  had  been  in  the  habit  of  seeing  these  rush  houses 
(that  I  shall  presently  describe),  but  took  it  for  granted  there 
existed  but  one  species  of  musk-rat,  whose  winter  quarters  was 
the  rush  house;  its  summer  residence  a  tunnel  excavated  in  a  mud 
bank.  Sir  John  Richardson  (Fa.  Bo.  Am.),  after  describing 
the  “winter  huts,-”  goes  on  to  say,  “In  summer  the  musquash 
burrows  in  the  banks  of  the  lakes,  making  branched  canals 
many  yards  in  extent,  and  forming-  its  nest  in  a  chamber  at  the 
extremity,  in  which  the  young  are  brought  forthA  Another 
author  writes,  “  They  live  in  curiously-constructed  huts,  in  a 
social  state  during  winter;  in  summer,  these  creatures  wan¬ 
der  about  in  pairs ,  feeding  voraciously  on  herbs  and  rootsA 
Charleroix  adds,  “  They  build  cabins,  nearly  in  the  form  of 
those  of  the  Beaver,  bnt  far  from  being  so  well  executed ;  their 
place  of  abode  is  always  by  the  waterside,  so  that  they  have 
no  need  to  build  causeways  A 

Captain  John  Smith  was  in  all  probability  the  first,  who 
gave  any  account  of  the  musquash,  in  a  work  published  in  the 
year  1624.  He  says,  “The  musascus  is  a  beast  of  the  form 
and.  nature  of  a  water-rat,  but  many  of  them  smell  exceed¬ 
ingly  strong  of  musk. 

“We  are  not,  however,  aware  that  these  nests  are  made 
use  of  by  the  musk-rat  in  spring  for  the  purpose  of  rearing  its 
young ;  we  believe  these  animals  always  for  that  purpose 
resort  to  holes  in  the  sides  of  ponds,  sluggish  streams,  or 
dykes  A- — Aud.  and  Bach. 

Seated  on  a  sandy  knoll,  I  contemplated,  measured,  and 
began  to  skin  my  prize.  It  occurred  to  me  that  there  were 
no  mud  banks  near,  into  which  these  rats  could  burrow,  and 
according  to  the  statement  of  the  authorities,  at  this  very 
time,  they  ought  to  have  been  in  their  summer  holes. 

My  first  proceeding  was  to  hunt  carefully  round  the  lake  to 
discover,  if  possible,  some  evidence  of  a  burrow — not  a  trace 
of  such  could  I  find ;  next  the  rush  houses  underwent  a  rigid 
scrutiny.  In  each  musk-rats  were  living,  and  more  than  this, 
whole  families  had  clearly  resided  in  the  several  mansions  for  a 
very  long  time.  I  now  felt  convinced  there  must  be  two  distinct 
species ,  one  a  miner ,  the  other  a  builder;  and  further,  that  the 
two  species  had  been  clashed  together  by  observers,  under  the 
supposition  that  they  changed  quarters,  in  accordance  with  the 
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seasons.  The  next  thing  was  to  prove  my  supposition,  based 
on  correct  data. 

Tents  were  soon  after  struck,  and  the  lake,  with  all  its  living 
treasures,  abandoned  to  nature  and  the  red  man. 

We  must  take  up  our  story  at  Fort  Colville,  one  of  the 
earliest  trading  posts  of  the  Hudson's  Bay  Company,  situated 
on  a  gravelly  plateau,  close  to  the  Kettle  Falls,  on  the 
Columbia  river,  about  a  thousand  miles  from  the  sea. 

The  two  weary  winters  passed  in  this  solitary  spot  were 
cold  enough  to  satisfy  an  Esquimaux,  the  temperature  often 
as  low  as  thirty  and  thirty-two  degrees  below  zero ;  with  deep 
snow  covering  the  ground  for  full  six  months  of  the  twelve. 
Through  the  gravelly  valley  leading  from  the  Fort  to  the  hills 
wound  a  sluggish  muddy  stream,  with  deep  banks  on  either 
side,  in  which  dwelt  whole  colonies  of  musquash.  About  a 
mile  and  a-half  from  the  stream.,  divided  from  it  by  a  steep 
ridge  of  rocks  was  a  sedgy  flat,  surrounding  a  deep,  quiet  pool, 
so  overshadowed  and  shut  in  by  a  brake  of  bulrushes,  as  to  be 
hidden  until  its  margin — reached  by  wading  and  cutting  a  trail 
through  the  reedy  fringe — revealed  its  water,  and  a  city  of 
musquash-houses  scattered  like  hay-cocks  over  the  entire 
surface. 

In  the  bright,  glowing  sunshine  of  the  mid- summer,  I  care - 
fully  watched  the  stream  and  pool,  fully  satisfying  myself  that 
both  localities  were  densely  populated;  and,  further,  that  “  buil¬ 
ders"  and  “  miners"  were  blessed  with  infant  workers,  born, 
some  in  the  rush  dwellings,  others  in  the  nurseries  of  the  mud 
tunnels.  So  far,  so  good,  nothing  more  could  be  done  until  win¬ 
ter.  On  carefully  comparing  several  of  the  musk-rats  shot  in  the 
pool,  with  those  brought  from  Osoyoos  lake,  I  found  them  to 
be  specifically  alike,  but  differing  most  markedly  from  the  rats 
inhabiting  the  Colville  stream  ;  others  procured  from  very  dis¬ 
tant  mud  banks,  east  and  west  of  the  Cascade  Mountains 
tallied  exactly  with  these  and  each  other,  as  did  a  series  of 
rush-buildmg-rats  from  widely-separated  localities.  Up  to  this 
point,  I  had  proved  that  both  holes  and  lodges  were  occupied 
in  July ,  and  the  rats  inhabiting  them  differed  in  several  disinc- 
tive  characters  always  constant,  though  extended  over  a  series 
of  specimens,  from  remote  and  proximate  districts. 

I  he  furs  clothing  the  two  species  (as  I  now  venture  to  call 
them)  seemed  to  my  mind  designedly  coloured  to  facilitate 
concealment.  The  mud-rat's  reddish,  rusty  brown  suit  closely 
resembled  the  furruginous  tint  peculiar  to  the  gravelly  soils 
prevailing  in  the  north-west,  and  its  habit  is,  when  frightened, 
to  dive,  or  if  under  water,  to  at  once  descend  to  the  bottom, 
there  to  stir  up  the  mud  with  all  its  might.  In  a  second,  the 
course  of  the  fugitive  is  traceable  only  by  clouds  of  mud  rolled 
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up  into  tlie  water,  like  smoke  into  tke  air.  Thus  hid,  escape  is 
easy. 

In  clear  water,  too,  small  roadways  are  distinctly  visible  in 
every  direction,  threading  the  bottom  of  the  stream  like  the 
lines  on  a  map  of  railways,  trails  through  which  they  travel  to 
the  different  landings  and  doorways. 

The  rush-rat’s  black  jacket  is  equally  in  keeping  with  the 
still,  dark  water  in  which  it  swims,  builds,  and  enjoys  life  ;  or 
the  sombre  stalks  amidst  which  it  rambles  and  feeds.  I  know 
no  prettier  sight  than  that  of  watching  a  musk-rat  village.  As 
the  shadows  lengthen,  and  the  mingled  sounds  of  day  die  im¬ 
perceptibly  away,  and — save  the  whisper  of  the  breeze  as  it  rat¬ 
tles  the  tall  rushes,  the  muffled  cry  of  the  owl  soaring  over  the 
marsh,  the  quack”  and  whistle”  of  the  bald-pate  ( Mareca 
amer ),  sure  herald  of  coming  night,  and  the  throb  of  invisible 
wings — no  sounds  are  audible.  In  this  quiet  eventide,  the 
entire  rat  population  steal  out  to  swim,  flirt,  quarrel,  or  feast, 
as  the  custom  is  in  musquash  society.  So  like  are  the  swim¬ 
mers  to  dark  sticks  floating’  on  the  surface,  that  save  the  tiny 
wake  made  as  they  paddle  on,  the  keenest  eye  can  hardly 
detect  the  difference.  The  slightest  noise  indicative  of  danger, 
plunging  sounds  over  the  pool  as  though  a  heap  of  stones 
hurled  into  the  air,  were  falling-  into  the  water  like  rain¬ 
drops,  warns  one  the  revellers  are  gone.  They  soon,  how¬ 
ever,  reappear,  some  to  sit  on  the  domes  of  their  houses  in  the 
position  of  begging  dogs,  holding  between  their  fore-fe.et  a 
dainty  on  which  to  sup ;  others  to  swim  ashore,  and  forage 
amidst  the  rushes  and  sedge- plants,  perhaps  to  be  pounced 
on  by  the  mousing- owl ;  whilst  the  remainder  seem  to  have 
no  definite  occupation,  but  swim  or  dive  for  sheer  enjoyment. 
I  can  recal  many  long  evenings  spent  by  some  lone  pool, 
watching  these  industrious  little  animals ;  too  earnest  in  my 
vigils  to  note  passing  time,  as  stars  one  by  one  gemmed  the 
sky,  and  night  with  silence  came  down  upon  the  earth. 

Winter  came  all  too  soon  in  October,  heavy  snow,  and  biting 
blasts,  sent  the  hybernators  to  their  quarters,  the  lingering 
migrants  to  their  southern  retreats,  the  deer  to  the  depths  of 
the  forests,  the  insects,  some  to  their  final  home,  others  into 
torpidity,  hid  in  cleft  or  cranny. 

If  previous  statements  be  true,  no  musk-rats  will  be  found 
tenanting  the  mud-holes,  but  all  snugly  ensconced  in  rush- 
mansions  in  the  pool. 

On  a  piercing  cold  December  morning,  I  waded  through 
the  snow  to  the  miner’s  quarter,  my  aid  and  guide,  a  red¬ 
skin,  equipped  with  pick,  shovel,  and  spear,  to  do  the  dig¬ 
ging  and  capturing  ;  if  the  musquashes,  as  I  felt  convinced 
was  the  case,  had  not  abandoned  their  dwellings.  It  was 
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no  easy  job  breaking  through  the  frozen  ground;  but  the 
Indian  warmed  to  his  work;  then  I  took  a  spell,  and  so  on, 
until  the  subterranean  galleries  were  one  after  the  other 
laid  open.  No  rats;  we  were  not  far  enough  in.  At  length 
we^  by  digging  on;  came  plump  upon  a  large"  vestibule;  and 
in  it;  coiled  up  semi -torpid  and  stupid;  was  a  family  of 
“  miners a  goodly  heap  of  dry  grass  and  leaves  formed 
an  admirable  bed.  The  sleepers  were  hardly  alive  to  dan¬ 
ger,  too  drowsy  to  make  any  attempt  at  escape.  No  food 
was  stored;  but  they  lay  huddled  together  for  mutual  warmth; 
as  pigs  do  in  straw.  There  were  no  holes  visible  through 
the  snow;  but  several  had  been  dug  through  the  ground;  to 
give;  I  imagine;  admittance  to  the  air. 

This  was  a  grand  discovery.  If  like  success  attend  our 
assault  on  the  builders,  my  theory  will  be  proven. 

The  pool  was  frozen  hard  enough  to  have  borne  ten  men, 
enabling  us  to  walk  easily  to  the  rush-houses,  which  were  built 
in  from  three  to  four  feet  water.  I  could  discover  no  holes, 
though  quite  three  feet  of  dome  in  each  house  was  clear  above 
the  ice.  On  removing  the  snow,  and  tearing  open  the  inter- 
tAvined  rushes,  there,  rolled  together  in  a  grassy  nest,  as  we 
had  found  the  miners,  were  many  builders,  doing  their  quasi¬ 
hybernation.  This  clearly  proved  there  were  two  kinds  of 
musk-rats,  that  differed  in  habit,  size,  and  colour.  The  skulls 
also  showing  structural  variations,  left  no  further  doubt.  Two 
species  for  the  future  must  characterize  the  genus  Fiber,  the 
second  being  Fiber  osoyoosensis  ( vide  woodcuts) . 

The  number  of  young  produced  at  a  birth  varies  from  four 
to  seven,  and  it  is  by  no  means  uncommon  for  a  female  to  have 
three  litters  in  a  year ;  and  well  for  the  musk-rats  is  it  that 
nature  has  given  them  such  powers  of  increase.  Their  enemies 
are  legion.  Birds  of  prey  are  ever  watching  for  them;  indeed, 
it  is  difficult  to  save  a  trapped  rat  from  the  feathered  banditti, 
ready  on  the  shortest  notice  to  tear  the  prisoner  from  the  iron 
teeth  of  the  trapper’s  snare. 

The  robber  gang  of  weasels  are  untiring  foes,  hunting  the 
rats  night  and  day  on  the  land  and  in  the  water.  Their 
greatest  enemy,  however,  is  the  trapper,  be  he  red  or  white 
man.  Five  hundred  thousand  musk-rat  skins  w ere  at  one  time 
annually  imported  from  the  Hudson's  Bay  Company's  terri¬ 
tories.  At  the  last  fur  sale  in  Fenchurch  Street,  in  August, 
1865,  93,787  skins  of  musquash  were  sold — a  small  proportion 
only  of  the  yearly  supply.  The  fur  is  used  for  various  pur¬ 
poses,  the  bulk  finding  its  way  to  foreign  markets.  The  musk 
glands  furnish  the  powerful,  pungent  odour  from  whence  the 
animal  derives  its  name,  not  to  my  nose  the  least  like  commer¬ 
cial  musk.  In  the  spring  musk-rats  really  scent  the  air,  and  at 
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this  time  the  tails  are  taken  off  the  trapped  skins,  tied  in  bundles, 
dried,  and  eventually  sold  in  the  bazaars  at  Constantinople  for 
ladies,  wherewith  to  perfume  their  cloths.  The  two  glands  are 
situated  close  to  the  base  of  the  tail.  Indians,  white  traders, 
trappers  and  settlers  alike  devour  the  musk -raffs  body.  To 
cook  it  secundem  artem,  after  skinning,  the  glands  should  be 
carefully  removed ;  the  body,  split  and  gutted,  is  skewered  on 
a  long,  peeled  wand,  and  carefully  grilled  over  a  brisk  camp¬ 
fire. 

I  recommend  it  to  you,  courteous  reader,  as  it  was  first 
commended  to  me  by  an  old  trapper.  “  Stranger,  you  may 
bet  your  boots,  rabbit  aiifft  a  patch  upon  toasted  squash.  You 
couldnY  skeer  up  a  taller  kinder  fixin  if  you  was  to  do  your 
darndestY 

There  are  various  modes  of  trapping  musquash.  If  by 
steel  trap,  the  trap  is  usually  placed  on  a  log,  in  the  raffs  water 
way,  about  four  or  five  inches  below  the  surface,  with  a  bait 
suspended  over  it.  In  trying  to  reach  this  seductive  morsel  the 
hind  feet  are  secured  in  the  iron  snare,  which  has  a  long  string 
and  cedar  log  float  attached,  to  mark  its  whereabouts,  as  the 
prisoner  drags  it  on  the  muddy  bottom  of  a  stream,  or  the 
deeper  water  of  the  pools. 

Others  are  caught  in  a  kind  of  figure  of  4  trap,  but  by  far 
the  larger  number  are  speared.  The  food  of  the  musquash  is 
of  most  varied  character  ;  in  the  summer,  grass,  roots  of  marsh 
plants,  the  green  bark  from  the  young  cotton  wood  trees,  and 
the  stalks  of  succulent  vegetation,  constitutes  their  general 
fare.  Though  rodents,  and  in  a  measure  vegetarians,  they 
never  refuse  flesh  if  it  can  be  obtained,  and  rather  enjoy  at 
times  doing  the  cannibal.  It  is  no  infrequent  occurrence  for  a 
hungry  band  to  set  upon  their  relative  when  fast  by  the  legs 
in  a  trap,  tear  it  to  pieces,  then  devour  the  fragments  as  hounds 
are  wont  to  rend  and  eat  a  fox.  Sir  J.  Richardson  tells 
us  they  have  been  known  to  eat  one  another  in  their  houses,  if 
unusually  hungry,  a  statement  I  can  quite  believe,  although  it 
has  never  been  my  good  or  ill  fortune  to  witness  a  musquash 
famine.  I  have  often  shot  a  duck  that  has  fallen  into  the 
centre  of  a  musk-rat  pond  ;  waiting  and  wishing  for 
a  friendly  breeze  to  waft  the  prize  ashore,  I  observe  it 
moves  slowly,  propelled  by  some  unseen  power ;  it  nears  a 
rush-house,  bobs  and  bobs  like  a  float  as  a  fish  tugs  impatiently 
at  the  bait,  then  suddenly  disappears.  Musk-rats  are  the 
thieves  that  dine  sumptuously  at  my  expense.  River  mussels 
and  craw-fish  are  also  largely  consumed  by  the  musk-rats. 
They  either  crack  the  shells  of  the  unios  with  th  eir  strong  teeth, 
or,  taking  them  on  the  land,  let  them  yemain  until,  panting 
for  air,  the  shells  are  opened,  when  the  rat  pounces  in  and 
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devours  the  inmates.  Not  only  are  mussels  eaten,  but  all  fresh 
water  mollusks  share  a  like  fate,  if  discovered  by  prowling 
musk -rats. 

It  may  be  as  well  to  say  a  few  words,  in  conclusion,  about 
their  systems  of  building.  The  rush-houses  are  built  in  from 
three  to  four  feet  water.  A  solid  pier,  composed  of  sticks, 
rushes,  grass,  mud,  and  small  stones,  is  raised  from  the  bottom 
to  a  height  of  some  inches  above  the  surface ;  over  this  the 
dome-shaped  roof  is  thrown,  made  of  intertwined  rushes,  with 
mud  and  sticks  worked  in  amongst  them ;  the  bed  is  placed 
on  the  centre  or  pier,  and  the  entranoe  is  invariably  beneath 
the  surface  of  the  water.  I  do  not  believe  this  dome  is  in  any 
degree  impervious  to  water;  whenever  I  have  opened  a  house 
in  summer,  it  has  invariably  been  wet ;  and  during  blazing  hot 
weather  it  must  be  a  great  advantage  to  the  rush-rats,  assist¬ 
ing  to  keep  them  cool — an  advantage  equally  enjoyed  by  the 
“  miners/'  whose  houses  are  always  wet  in  summer.  In  winter 
the  water  freezes,  hence  cannot  wet  the  insides  of  the  domes  or 
mud  galleries.  The  grass  and  other  material  carried  in  for  the 
winter  bed  must  manifestly  get  wet  in  the  transport,  but  rapidly 
drains  and  dries  when  the  water  solidifies.  I  do  not  believe  in 
the  possibility  of  an  animal  (formed  as  the  musk-rat)  making  a 
waterproof  fabric  out  of  rushes  and  mud.  One  thing  has  always 
puzzled  me  in  their  engineering :  how  they  manage  to  keep 
down  the  materials  forming  the  centre  or  pillar,  preventing 
light  substances  from  floating  until  the  aggregated  weight  of 
stones,  mud,  wetted  rushes,  and  sodden  sticks  becomes,  en 
mass ,  specifically  heavier  than  water,  is  a  secret  I  was  never 
able  to  discover.  They  always  work  at  night,  hence  it  is  im¬ 
possible  to  watch  their  operations. 

The  pleasure  of  describing  the  habits  of  these  interesting 
animals  must  be  my  excuse  for  these  lengthy  notes.  A  new 
species,  like  gold,  usualty  tempts  its  finder  to  wander  beyond 
the  limits  of  prudence ;  if  such  has  been  my  failing,  I  crave  for¬ 
giveness,  and  conclude  with  the  sentiments  of  Wordsworth — 

“To  the  solid  ground 

Of  nature  trusts  the  mind  that  builds  for  aye  : 

Convinced  that  there,  there  only,  she  can  lay 

Secure  foundations.5* 

EXPLANATION  OF  WOODCUTS. 

1.  Skull  of  Fiber  zibethicus  (Cuvier),  showing  superior  sur¬ 
face.  2.  Skull  of  Fiber  osoyoosensis  (Lord),  showing  superior 
surface.  o.  Fib.  zib .,  inferior  surface.  4.  Fib.  osoyoos .,  in¬ 
ferior  surface.  For  description,  vide  page  165. 

The  ColouPcED  Plate  represents  the  Musk-Pats  and  their 
Houses. 
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LUNAR  DETAILS.  CLUSTERS  AND  NEBULEE.  CRIM¬ 
SON  STAR.  OCCULTATIONS. 

BY  THE  EEY.  T.  W.  WEBB,  A.IL.,  F.E.A.S. 

In  the  February  number  of  the  Intellectual  Obseevee,  a  sug¬ 
gestion  was  made  that,  as  the  various  representations  of  the 
wedge-shaped  valley  of  the  Lunar  Alps  exhibited  little  mutual 
accordance,  its  more  careful  and  minute  delineation  would  form  a 
suitable  object  for  observers  possessed  of  adequate  instrumental 
means.  The  writer  had  then  no  idea  that  he  should  himself 
attempt  an  outline  of  the  task,  or,  rather,  give  an  illustration 
of  the  expediency  of  it,  in  so  short  a  time.  Such,  however, 
proved  to  be  the  case.  The  night  of  Jan.  25  was  not  an 
unfavourable  one  ;  definition,  though  at  first  very  undulating, 
becoming  gradually  steadier,  till  the  approach  of  clouds  caused 
intervals  of  insufferable  blottiness ,  and  their  actual  transit 
interrupted  any  further  progress — fortunately,  not  before  the 
object  was  sufficiently  attained.  The  moon's  age  was  2d.  past 
the  1st  Quarter;  libration,  5d.  lOh.  before  its  greatest  N.W. 
extent,  according  to  the  Nautical  Almanac  :  the  terminator 
passed  through  Laplace  (the  W.  headland  of  the  Sinus  Iridum , 
K  in  our  map),  the  glittering  mountain  Lahire ,  with  which  we 
shall  make  acquaintance  hereafter,  and  the  E.  end  of  Glavius 
(50)  ;  Copernicus  standing  in  magnificent  relief,  surrounded  by 
its  lava-streams,  about  its  own  diameter  within  it.  This 
method  of  describing  the  position  of  the  terminator,  I  would 
here  remark  by  the  way,  is  an  important  adjunct  to  every 
lunar  observation  of  value,  since  it  gives  the  simplest  expression 
of  the  angle  of  illumination,  and  enables  it  to  be  compared 
with  any  previous  or  subsequent  observations,  taken  with  the 
same  precaution.  In  this  position,  employing  a  very  excellent 
eye-piece,  which  is  formed  of  two  achromatic  microscopic 
object-glasses,  and  gives  on  my  7-ft.  telescope  a  power  of  212, 
I  found  the  grey  ring  Egede,  noticed  in  our  last  number,  a  very 
easy  object.  But  my  chief  attention  was  directed  to  the  great 
valley  E.  of  it,  which  was  exhibited  with  striking  distinctness. 
So  far  removed  from  the  terminator,  the  shadows  were  few  and 
short,  but  the  relief  was  extremely  clear,  and  quite  sufficient  to 
bring  out  many  details  in  such  a  way  as  to  show,  by  mere 
inspection,  how  inadequate  was  the  elaborate  design  of  B.  &  M. 
Being  somewhat  pressed  for  time,  and  impeded  by  various 
hindrances,  my  first  impression  was  merely  to  note  the  data  of 
position,  as  a  guide  to  more,  fortunate  observers ;  but  the  more 
I  gazed  at  the  object,  the  more  charmed  I  was  with  the  pre¬ 
cision  of  the  view,  and  at  last  I  could  not  satisfy  myself  without 
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getting  an  outline,  which,  however  rough,  1  beg  to  lay  before 
our  readers,  at  the  bottom  of  the  accompanying  wood-cut,  in 


juxtaposition  with  those  of  Schroter,  B.  &  M.,  and  Lohrmann, 
standing  in  the  same  order  with  that  of  their  names,  and  all 
in  their  original  state  as  to  scale.* 

Lunarian  students  will  now  have  an  opportunity  of  com¬ 
paring  all  these  representations  with  the  original,  and  it  will 
be  a  very  desirable  result  if  they  should  be  led  to  improve  upon 
them  all  for  themselves.  My  own  design,  or  rather  diagram, 
does  not  profess  to  be  more  than  a  tolerably  correct  outline,  to 
which  there  was  no  time  to  add  anything  like  a  sufficient 
amount  of  shading ;  it  being  usually  better  to  attempt  no 
more  than  what  can  be  carried  through  consistently,  without 
any  occasion  for  retouching  in  the  absence  of  the  original. 
The  appendages  branching  out  from  the  E.  end  of  the  valley 
in  various  directions  will  be  understood  to  be  mountains — a 
portion  of  the  lunar  Alps.  The  whole  interior  of  the  valley 

*  Were  it  not  that  wood -engraving  cannot  afford  an  exact  reproduction  of 
lithography,  these  designs  would  be  interesting  in  another  respect,  as  giving  an 
idea  of  the  mode  of  representation  severally  adopted  by  B.  &  M.,  and  by  L. 
Schroter’s  designs  are  on  copper-plate. 
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from  end  to  end  was  so  perfectly  defined  by  its  pale  grey  tint, 
and  its  peculiar  and  almost  unbroken  evenness,  as  to  admit  of 
no  doubt  as  to  its  real  termination,  which,  is  carried  con¬ 
siderably  further  to  the  E.  than  is  shown  in  the  design  of 
B.  &  M.  In  this  part,  as  I  saw  it,  it  took  the  form  of  a  pear, 
or  Florence  flask,  whose  longest  diameter  made  a  very  obtuse 
angle  to  the  S.  with  the  general  direction  of  the  valley.  This 
portion,  which  must  in  reality  form  a  noble  amphitheatre,  is 
evidently  much  better  represented  by  Schroter  than  by  either 
of  his  successors.  Its  length  might  amount  to  4  of  the  whole. 
The  neck,  so  to  speak,  of  the  flask,  of  about  equal  length,  was 
a  part  where  it  was  throttled,  especially  on  the  N.,  by 
encroaching  mountains,  till  its  width  was  only  4-,  more  or  less,  of 
that  of  the  broadest  part,  W.  of  it.  A  low  ridge  running 
lengthways  was  here  visible  in  the  bottom,  connected  with  the 
S.  side,  and  having  somewhat  the  character  of  a  landslip  from 
the  cliffs  in  that  direction,  which  rose  ruggedly  and  irregularly 
above  it.  At  some  distance  further  W.,  a  similar  style  of  cliff 
occurred  again,  but  there  was  no  appearance  of  a  landslip 
there.  With  these  exceptions,  the  S.  side  was  pretty  regular, 
and  not  far  from  straight.  The  opposite  side,  on  the  contrary, 
was  considerably  indented,  giving  various  widths  to  the  bottom 
in  different  places,  the  greatest  of  which,  somewhat  exceeding 
that  of  the  flask ,  lay  a  little  E.  of  the  centre.  One  of 
Schroteffs  two  little  craters  was  plainly  visible ;  but  the  other, 
lying  on  the  interior  declivity,  could  not  be  traced :  *a  slight 
bending  towards  the  N.  could  be  perceived  at  the  narrow  W. 
extremity  of  the  valley,  but  not  to  the  extent  indicated  by  L. 
Beyond  the  E.  end,  a  very  narrow,  irregular  gorge  continued 
the  line  of  the  S.  edge  through  a  lofty  part  of  the  Alps, 
widening  out  at  length  into  the  Mare  Imbrium. 

CLUSTEBS  AND  NEBULAE. 

In  a  recent  number  of  the  Monthly  Notices  of  the  Royal 
Astronomical  Society  (Dec.  8,  1865),  reference  is  made  to  a 
very  curious  observation  by  Professor  Kruger,  of  Helsingfors, 
on  the  cluster  of  A  Persei.  This  astionomer  has,  with 
exemplary  diligence  and  perseverance,  measured  and  recorded 
the  positions  of  43  stars  in  the  cluster,  by  referring  them  to  a 
9  mag.  double  star  situated  among  them  ;  and  by  dividing  his 
results  into  two  half-yearly  groups,  he  has  found  a  difference 
which  seems  to  indicate  a  parallax  of  0"*66  in  the  cluster,  as 
though  the  double  star  were  considerably  more  distant.  This, 
however,  seems  improbable,  and  the  Professor  has  wisely  sus¬ 
pended  his  judgment  till  he  and  other  observers  have  more 
fully  investigated  the  matter.  Not  being  aware  of  the  exist- 
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ence  of  any  such  cluster,  and  finding  that  it  was  not  included 
in  the  Bedford  Catalogue,  I  resolved  to  take  one  of  the  rare 
opportunities  afforded  by  the  recent  most  unpropitious  season 
to  look  for  it,  when  I  soon  convinced  myself  that  X  was  a 
misprint  for  and  that  the  cluster  referred  to  must  have  been 
the  glorious  assemblage  in  the  sword-hand  of  Perseus ,  so  well 
known  to  every  astronomical  student.  The  search,  however, 
was  not  barren  of  interest  in  its  own  way,  and  has  given  us 
another  object  for  our  list. 

32.  The  Second  Cluster  in  Perseus ,  or  61  y  vii.  If  we  look 
from  a  Persei  in  the  direction  of  a  Aurigce ,  we  shall  perceive, 
somewhat  nearer  to  the  former,  a  group  of  small  stars,  not 
very  close  together,  of  which  the  five  principal  take  the  shape 
of  a  very  oblique  cross.  Of  these,  the  hindermost  in  diurnal 
motion,  or  uppermost  at  the  present  season,  is  a  wide  pair, 
distinguishable  as  such  by  the  naked  eye,  the  mags,  being 
about  6  and  6,  and  the  brighter,  which  lies  to  the  N.,  being 
18  P.  iv.  About  1°  N.  of  this  star,  a  little  jp,  we  shall  hit  upon 
our  cluster,  as  a  nebulous  spot  in  the  finder.  Though  not 
one  of  the  more  remarkable  of  its  class,  it  will  be  a  good 
object  for  a  low  power.  In  the  Generad  Catalogue,  where  it 
stands  No.  820,  it  is  called  “  very  rich,  considerably  com¬ 
pressed  its  diameter  is  about  14'  or  15';  the  components  are 
from  9  to  12  mags. ;  and  the  brighter  stars  are  disposed  in 
curves,  and  would  probably  prove  easy  of  measurement.  Less 
than  half  way  from  the  cluster  to  18  P.  iv,  but  somewhat/,  is 
an  8  mag.  star,  remarkable  for  its  fine  orange  hue.  At  a  little 
distance /the  6  mag.  star  which  lies  to  the  S.  of  18  P.  iv,  but 
somewhat  n,  we  shall  see  a  small  pair,  grouped  with  other 
minuter  stars  ;  the  brighter  of  these  two,  about  8|  mag.,  maybe 
noticed  as  possessing  a  very  pale  carmine  tinge,  IP  of  Smyth’ s 
notation.  This  singular  and  beautiful  quality  of  stellar  light, 
just  perceptible  in  this  instance,  and  there  perhaps  not  by  all 
eyes,  or  in  all  states  of  the  atmosphere,  reaches  its  culminating 
point  in  another  quarter,  in — 

HIND’S  CEIMSON  STAE,  H  LEPOEIS. 

My  search  for  this  celebrated  object  has  been  till  of  late 
unsuccessful ;  but  having  been  at  length  directed  to  it  by 
means  of  a  diagram  kindly  furnished  me  by  Mr.  Bird,  I  think 
it  may  be  detected  by  careful  sweeping,  in  attending  to  the 
following  instructions.  As  far  sf  the  Great  Nebula  in  Orion ,  as 
Rigel  is  sjo,  we  shall  see  ic,  a  conspicuous  3  mag.  star,  repre¬ 
senting  the  /  knee  of  the  giant..  Draw  a  line  from  this  to 
Rigel ;  then  a  line  of  nearly  equal  length  dropped  from  Rigel 
perpendicular  to  the  last  will  point  out  [jl  Lejporis ,  marked 
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5  mag.  in  the  S.  D.  U.  K.  Map,  but  evidently  considerably 
underrated,  as  it  is  the  brightest  in  its  neighbourhood.  From 
this  draw  a  3rd  line  westward  again,  nearly  perpendicular  and 
equal  to  the  2nd,  and  therefore  not  far  from  parallel  to  the 
direction  of  the  first,  and  it  will  fall  upon  53  Eridani,  4  mag., 
which  is  also  the  brightest  for  some  distance  around.  About 
j  of  the  distance  from  [i  Leporis  to  53  Eridani ,  but  a  little 
above  the  line  joining  them,  we  shall  find  our  object;  the 
region  is  rich  in  stars  of  various  sizes,  but  if  our  aperture  is 
sufficient  (which  is  essential,  as  the  star,  a  variable  one,  is 
now  only  9  mag.),  and  our  patience  adequate,  we  shall  come 
across  it ;  and  to  those  interested  in  star-colours,  it  will  cer¬ 
tainly  repay  the  trouble.  It  is  the  last  of  a  nearly  horizontal 
line  of  3,  of  which  the  first  is  by  far  the  brightest,  and  was  at 
once  conspicuous  with  a  power  of  30  on  my  aperture,  a  magni¬ 
ficent  crimson,  finer  than  any  I  have  yet  seen. 


We  shall  soon  be  losing  the  Orion  Nebula.  Mr.  Huggins’s 
wonderful  discovery  of  the  gaseous  nature  of  this  and  many 
other  nebulas  has  given  a  fresh  impulse  to  the  study  of  these 
mysterious  objects.  W e  may  well  call  them  so;  for  even  the 
resolved  cluster,  such  as  13  or  15  or  92  M,*  though  it  may 
be  composed  of  suns  resembling  our  own  in  their  independent 
light  and  heat,  yet  must  exist  under  conditions,  and  give  rise 
to  scenes,  altogether  foreign  to  the  experience  of  attendants, 
like  ourselves,  upon  a  solitary  star.  We  can  hardly  imagine 
skies  flaming  with  countless  suns  of  all  apparent  magnitudes 
surrounding  us  on  every  side — uninterrupted  regions  of  per¬ 
petual  day :  nor  can  we  comprehend  the  dynamical  arrange¬ 
ments  by  which  the  stability  of  such  mutually  attracting 
multitudes  can  possibly  be  secured.  But  it  is  scarcely  less 
wonderful  to  contemplate  the  existence  of  masses  of  luminous 
vapour,  such  as  we  are  now  called  upon  to  conceive.  We  are 
taught  to  look  upon  them  as  standing  out,  with  all  their 
filmy  tenuity,  in  an  insulated  form ;  glowing  even  to  incan¬ 
descence  with  an  amount  of  heat  that  we  can  refer  to  nothing 
but  the  immediate  Will  of  the  First  Great  Cause,  amid  the 
intensity  of  cold  supposed  to  pervade  all  open  space ;  bounded 
occasionally  notwithstanding  their  expansive  character  by 
tolerably  definite  outlines ;  cut  into  and  pierced  through  by 
deep  holes  or  clefts ;  gathered  up  here  into  the  semblance  of 
densely  packed  masses ;  there  pulled  out  into  long  u  wisps >} 

*  Schultz  at  Upsala,  with  a  9|-inch  object  glass,  finds  that  this  brilliant  object 
(No.  21  of  our  list)  shows  2  half-resolved  centres,  extended  nearly  in  the 
parallel,  which  can  be  sharply  observed  and  measured :  angle  46’ ’3  diff.  of 
Dec.  9"  1  :  of  R.  A.  08  9. 
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and  streams,  and  thinned  away  into  invisibility,  to  reappear, 
perhaps,  after  an  interval,  in  freshened  luminosity  round 
some  distant  group  of  stars objects  such  as  these  cannot 
be  regarded  without  astonishment.  And.  among  such  objects 
an  amount  of  structured  change,  perceptible  at  our  distance, 
though  barely  intelligible  upon  any  known  ground,  is  evidently 
more  conceivable  than  in  densely  crowded  clusters,  and  we 
are  therefore  prepared  to  admit  the  indications  of  such  move¬ 
ments  with  an  amount  of  scrutiny  in  proportion  less  severe. 
Perhaps,  for  in  such  matters  we  may  well  adopt  the  language 
of  increasing  caution — -perhaps  the  Great  Nebula  in  Orion 
may  be  the  nearest  to  ourselves  of  these  masses,  and  there 
if  anywhere  we  may  expect  to  detect  the  results  of  change. 
And  certainly  such  would  be  the  first  impression — and  a  very 
strong  impression — from  a  collection  of  the  designs  of  different 
observers.  But  a  closer  examination  leads  to  the  conviction 
that  we  are  in  a  dilemma — either  such  changes  must  be 
more  rapid  than  is  in  the  least  degree  probable,  or  the 
margin,  that  must  inevitably  be  left  for  differences  of  eyes,  and 
instruments,  and  climates,  and  habits  of  observation  and  de¬ 
lineation  and  transferring  to  wood  or  stone  or  copper,  will 
be  found  so  inconveniently  broad  that  we  shall  scarcely  be 
able  to  draw  any  satisfactory  inference  even  from  what  appear, 
and  unquestionably  were  intended  to  be,  most  careful  repre¬ 
sentations.  These  discrepancies  we  shall  perhaps  find  a  better 
opportunity  of  introducing  to  our  readers  in  detail  upon  some 
future  occasion,  and  when  a  greater  amount  of  evidence  has 
been  brought  to  bear  upon  a  question  so  interesting  and  yet 
so  obscure.  At  present  I  wrould  only  remark  that  I  have 
during  this  season  noticed  an  irregular  dark  rift  running  from 
W.  to  E.  between  the  trapezium  and  the  stars  87  and  70  (see 
Diagram,  Int.  Qbs.  v.  59),  but  much  nearer  to  the  stars, 
seeming  like  a  continuation  of  the  N.  edge  of  the  Sinus  Magnus , 
the  great  black  opening/ the  trapezium,  and  leading  into,  and 
possibly  through,  a  roundish  dark  opening  or  “  lake,*”  by  no 
means  a  very  difficult  object,  but  the  traces  of  which,  as  well 
as  of  the  rift,  are  very  equivocal  in  any  designs  which  I  have 
had  an  opportunity  ef  examining.  It  may  also  be  mentioned 
that  I  now  see  under  all  favourable  circumstances,  though 
of  course  as  a  most  delicate  object,  the  Pons  Schroteri,  or 
“  bridging  over”  of  the  Sinus  Magnus ,  notwithstanding  that 
according  to  0.  Struve's  opinion  (Int.  Obs.  iv.  261),  it  would 
hardly  have  been  a  suitable  object  for  my  aperture;  and  that 
Professor  D' Arrest's  remark  in  the  spring  of  1862,  that  it 
had  been  occasionally  well  seen  in  the  Copenhagen  achromatic 
of  11*2  inches  aperture,  implies  but  feeble  intensity.  I  can 
now  likewise  perceive  distinct  traces  of  what  I  think  1 
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formerly  looked  for  in  vain,  the  Nebula  Oblongata,  a  very 
faint  cloud  lying  off  the  opening  of  the  Sinus  Magnus,  but 
nearest  to  its  S.  edge  :  the  very  region,  it  may  be  remarked, 
in  which  H.  entertained  the  greatest  suspicion  of  alteration 
(Int.  Obs.  iv.  260).  Such  minute  varieties  may  have  been 
nothing  more  than  the  working  of  a  more  experienced  eye, 
and  at  any  rate  can  only  be  placed  among  things  which  had 
better  not  be  forgotten;  it  is  more  to  the  purpose  that 
during  a  visit  to  Rome  in  Feb.  1865,  0.  Struve  was  enabled  to 
confirm,  with  the  achromatic  there,  the  changes  which  he  had 
previously  suspected  with  his  own. 

Other  indications  of  activity  in  nebular  research  may  find 
a  place  here. 

In  1837,  Dr.  Lamont,  Conservator  of  the  Munich  Obser¬ 
vatory,  in  an  interesting  essay  on  Nebulae,  containing,  however, 
several  questionable  assertions,  suggested  that  nebulous  matter, 
properly  so  called,  would  be  distinguished  from  very  remote 
and  irresolvable  clusters,  if  actual  translation  in  space  were 
ever  to  be  detected  in  it,  as  this  would  indicate  a  comparative 
nearness  to  our  system,  such  faint  rarified  masses  being 
presumably  invisible  at  extreme  distances.  And  he  thought 
he  actually  did  perceive,  in  several  instances,  a  displacement 
far  exceeding  any  change  of  position  which  could  with  pro¬ 
bability  be  ascribed  to  a  system  of  stars, — and  the'  instances 
were  exactly  those  ill-defined  masses,  whose  aspect  bespeaks 
their  misty  character,  being  resolvable  neither  into  stellar 
points  nor  distinct  portions.  The  latter  kind  of  resolution 
Lamont  considered  inconsistent  with  the  equilibrium  of  nebulae 
proper,  and  therefore  indicative  of  a  starry  character.  But 
that  he  was  mistaken  in  this,  the  Great  Nebula  in  Orion  alone 
is  now  sufficient  to  prove. 

The  “proper  motion”  thus  ascribed  to  certain  nebulse, 
D* Arrest,  one  of  the  highest  authorities,  considers  improbable ; 
and  it  is  sufficiently  apparent  that  as  H/s  observations  were 
comprised  between  1825  and  1833,  any  real  change  perceptible 
in  1837  would  now  have  attained  an  amount  admitting  of  no 
question.  Yet  the  subject  ought  not  to  be  summarily  dis¬ 
missed;  for  as  we  have  already  seen  (Xnt.  Obs.  vi.  447,  449) 
H.  and  Lord  Rosse  are  disposed  to  entertain  it ;  and  as 
Lamont’s  essay  is  not  readily  procurable,  the  following  details 
are  extracted  from  it,  for  the  sake  of  those  possessed  of 
adequate  optical  means ;  not  so  much  with  the  idea  that  his 
results  will  be  verified,  as  with  the  hope  that  more  careful 
measurements  may  be  executed  for  the  benefit  of  future 
observers. 

In  his  catalogue  of  1833,  IT.  had  repeatedly  drawn  atten¬ 
tion  to  minute  stars  in  the  immediate  vicinity  of  planetary 
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nebulas,  not  however  under  the  impression  that  by  their  means 
motion  might  be  detected  in  those  objects,  but  supposing  that 
they  might  possibly  prove  to  be  satellites  revolving  round  them  ; 
and  he  regrets  that  his  measures  of  these  stars  were  “  hurried, 
imperfect,  and  discordant ;” — the  wonderful  extent  and  admir¬ 
able  execution  of  his  undertaking  would  have  rendered  it  most 
surprising  if  they  could  have  been  otherwise.  Of  these  posi¬ 
tions  of  attendant  stars  Lamont  remarks  that  many  agree  with 
his  own,  but  some  differ,  especially  the  following : — 

II  586  (280  y  ii.  Gen.  Oat.  1721)—  R. A.  8h.  47m.  20s. 
N.P.D.  92°  32'  2",  is  no  longer  equidistant  between  H/s  two 
stars 

[H  854  (M.  65.  Gen.  Cat.  2373)—  E.A.  llh.  11m.  37s. 
N.P.D.  76°  8'  47",  one  of  his  strongest  instances  of  rotation,  is 
an  error  due  to  a  misprint  of  45°  for  75°  in  H/s  Cat.  1833.] 

H  2037  (743  hi.  Gen.  Cat.  4487)— E.A.  19b.  11m.  37s. 
N.P.D.  83°  42'  46",  has  a  star  near  it  differing  from  H/s  posi¬ 
tion  by — 15°.  On  this  object  II.  remarks  (Cape  Obss.)  in 
1847,  that  though  Lamont  has  mistaken  his  (H/s)  stars,  yet 
tffrom  all  the  circumstances  of  the  case,  there  can  be  very 
little  doubt  of  a  relative  motion  of  the  objects  inter  se” 
Class  III.  of  ^  consisting  of  “  very  faint  nebulae,”  and  this 
object  having  been  seen  by  D* Arrest  with  44  inches  of  aper¬ 
ture  in  twilight,  it  must  be  variable,  unless  atmospherically 
obscured  when  observed  by  Ijl. 

II  2075  (16  Ijl  iv.  Gen.  Cat.  4572)— E.A.  20h.  16m.  8s. 
N.P.D.  70°  20'  19",  seems  to  change  its  position  pretty 
rapidly  with  regard  to  the  neighbouring  stars.  This,  how¬ 
ever  is  doubted  by  Auwers. 

H.  2241  (18  fjl  iv.  Gen.  Cat.  4964)— E.A.  23h.  19m.  10s. 
N.P.D.  48°  13'  57",  he  thinks  has  moved  about  6". — This  is 
a  very  curious  nebula.  H.  had  seen  its  bluish- white  light,  at 
one  time  perfectly  equable,  at  another  rather  mottled;  the 
disc  very  nearly  circular,  beautifully  defined  with  240,  but 
“  the  edges  the  least  in  the  world  unshaped,”  not  nebulous, 
but  as  if  it  had  a  double  outline,  or  like  a  star  a  little  out  of 
focus.  His  measures  of  position  of  the  satellite  star”  were 
very  discordant,  which  he  ascribes  to  the  subsequent  discovery 
of  that  star  being  double,  12  and  13  mags.  Lassell,  with  his 
superior  optical  means,  found  it  hi- annular ,  a  nucleus  with  2 
oval  rings.  But  the  most  remarkable  singularity  was  detected 
by  Huggins ;  this  being  the  only  nebula,  as  far  as  is  stated  in 
his  memoir,  in  whose  spectrum  he  has  perceived  a  fourth 
excessively  faint  line,  possibly  one  of  those  due  to  hydrogen. 
With  600  upon  his  8-inch  object-glass,  it  appeared  to  him 
distinctly  annular  and  greenish  blue. 

We  may  here  remark  that  there  is  now  no  longer  any 
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mystery  as  regards  the  peculiar  greenish  or  bluish  tint  so  long 
and  so  frequently  remarked  in  the  planetary  nebulae.  It  is 
simply  consequent  upon  their  gaseous  constitution,  the  bright 
bands  exhibited  by  their  materials  under  intense  heat  having 
the  refrangibility  and  the  colour  of  those  portions  of  the 
spectrum.  It  should,  however,  be  observed  that  there  is  some 
difference  among  these  objects  in  this  respect ;  and  that  this 
is  primd  facie  evidence  of  difference  of  constitution.  Three 
remarkable  instances  of  this  may  be  specified.  One  is  27  iv, 
P.A.  lOh.  18m.  2s.  N.P.D.  107°  55'  50",  about  2°  S.  of  ya 
Hydrce,  and  visible  in  England,  but  catalogued  by  H.  at  the 
Cape  as  No.  3248  (Gen.  Cat.  2102).  Its  colour  is  described  by 
him  as  “  a  good  sky  blue/'’  but  “  not  so  full  a  blue”  as 
another,  H.  3365  (Gen.  Cat.  2581),  which  is  of  “a  beautiful 
rich  blue,  between  Prussian  blue  and  verditter  green 
a  feeble  lamp  light  gives  it  a  deep  indigo  contrasted  colour. 
Ditto  if  a  red  star,  n  p,  about  10'  distant,  be  brought  into  the 
field  with  it.”  The  3rd,  on  the  other  hand,  H.  3594  (Gen. 
Cat.  4066),  “a  most  elegant  and  delicate  planetary  nebula,” 
equal  to  a  star  8*9  mag.,  and  “perfectly  sharp,  not  the  slightest 
haziness,”  is  specified  as  having  “  a  clear  round  planetary  white 
disc.”  It  is  much  to  be  regretted  that  these  last  two  are  out 
of  the  reach  of  the  English  spectroscope,  and  could  not  even 
be  touched  at  the  Roman  observatory,  where,  we  were  told,  a 
twelvemonth  ago,  that  O.  Struve  was  astonished  at  the  mag¬ 
nificence  of  the  stellar  spectra,  though  he  had  previously  seen 
those  at  Greenwich  with  a  much  larger  aperture.  Merz  has 
since  been  at  work  for  the  same  observatory,  upon  a  yet  finer 
spectroscope,  with  2  prisms  of  60°,  and  a  dispersion  double 
that  of  the  ordinary  Erauenhofer  glass,  producing  a  total 
■deviation  of  more  than  120°. 

Some  further  details  as  to  nebular  researches  must  be 
postponed. 

OCCULTATIONS. 

April  9th,  8  Aquarii,  6  mag.,  15h.  22m.  to  16h.  16m. — 
18th,  111  Tauri,  6  mag.,  10h.  57m.  to  llh.  40m. — 29th,  p, 
Eibra,  6  mag*.,  15h.  47m.  to  16h.  15m. 
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ON  THE  APPLICATION  OP  RECENT  SCIENTIFIC 
DISCOVERIES  TO  THE  USEFUL  ARTS. 

BY  PROFESSOR  MrGAULEY. 

No  subject  can  be  more  interesting  tlian  that  of  the  aid  which 
scientific  research  has  afforded  to  human  progress.  The  career 
of  mighty  conquerors  has  been  marked  by  devastation  and 
blood.  Populous  cities  have  been  changed  by  them  into  heaps 
of  ruins ;  rich  and  highly-cultivated  regions  into  ee  howling 
wildernesses."”  How  different  have  been  the  results  of  peaceful 
research,  the  only  object  of  which  has  been  the  benefit  of 
mankind.  If  the  perusal  of  history,  as  the  record  of  splendid 
victories  and  terrible  defeats,  of  oppression  and  the  struggles 
of  the  oppressed,  is  much  more  calculated  to  produce  feelings 
of  pain  than  of  pleasure,  the  consideration  of  those  wonderful 
improvements  in  our  condition  which  have  been  effected  by 
men  who  are  often  as  deeply  absorbed  in  their  ennobling’ 
studies,  and  as  unconscious  of  the  turmoil  of  the  world  around 
them  as  was  Archimedes  of  the  storming  of  Syracuse,  are 
suited  to  call  forth  feelings  of  unalloyed  pleasure. 

The  triumphs  of  genius  and  industry  over  the  difficulties 
with  which  the  path  of  progress  is  beset,  meet  us  wherever 
we  turn.  There  are  periods  at  which  our  advance  has  been 
exceptionally  rapid ;  one  of  the  most  remarkable  of  these  is 
comprehended  within  the  present  century,  and  chiefly  within 
the  more  recent  portions  of  it.  The  differences  between  the 
advantages  which  we  enjoy,  and  for  which  we  are  indebted  to 
science,  and  those  possessed  by  our  immediate  predecessors,  is 
scarcely  less  great  than  that  between  the  condition  of  the 
polished  Romans  and  the  Britons  wdiom  they  subdued. 

An  acquaintance  with  what  has  been  already  done,  and 
with  the  difficulties  which  others  have  surmounted  by  in¬ 
genuity  and  peseverance,  creates  a  powerful  tendency  to  further 
exertion.  The  records  of  science  abound  with  examples  of 
sudden  and  rapid  strides,  on  account  of  the  attention  of  man¬ 
kind  being  turned  to  some  principle,  or  some  fact,  which 
perhaps  had  been  long  known,  but  as  long  neglected.  The 
properties  of  steam  have,  no  doubt,  at  all  times,  attracted 
notice  :  but  they  were  never  usefully  applied,  until  the  Marquis 
of  Worcester,  Savory,  Newcomen,  and  Watt  rendered  them, 
by  their  researches,  the  subject  of  deep  and  general  interest. 
Good  service  is  therefore  done,  when  the  public  mind  is 
strongly  directed  to  what  science  has  already  achieved.  But 
much  as  the  experimentalist  has  done,  there  is  no  reason  to 
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suppose  that  a  thousand  times  as  much  will  not  hereafter  be 
accomplished.  There  is  not  one  who,  if  he  try,  may  not  strike 
on  some  vein  of  useful  discovery ,  that  shall  place  his  name  in 
the  list  of  the  benefactors  of  his  race. 

It  would,  of  course,  be  impossible,  within  the  limits  of  one 
or  two  papers,  however  long  they  might  be  made,  to  touch  on 
even  a  small  portion  of  the  applications  of  science  to  useful 
purposes.  We  shall,  therefore,  be  obliged  to  content  ourselves 
with  the  selection  of  a  few  examples  from  among  those  which 
appear  best  to  illustrate  the  great  advantages  that  have  been 
conferred  by  the  thinker  and  the  experimentalist  on  arts  and 
manufactures. 

Among  the  contrivances  which  benefit  mankind,  none  are 
of  greater  utility  than  those  which  effect  a  saving  of  labour. 
In  former  times,  the  production  of  works  at  all  remarkable  for 
their  vastness,  was  the  result  of  a  painful  struggle  between 
brute  force  and  the  laws  of  nature.  Refractory  materials  were 
rent  asunder,  and  the  fragments  carried  to  where  they  were 
required,  only  by  the  most  exhausting  exertions.  To  build  the 
great  pyramid  required  the  labour  of  100,000  men  for  twenty 
years,  and  during  the  work  a  very  large  number  of  them 
perished  miserably  through  excessive  toil.  And  yet,  how  in¬ 
significant  are  all  the  pyramids,  taken  together,  in  comparison 
with  the  mighty  works  constructed  with  ease,  and  without  the 
loss  of  a  single  life  through  over  exertion,  by  the  modern 
engineer,  on  even  one  railway ;  thanks  to  men  of  science 
who  have  furnished  him  with  those  appliances  which  have 
caused  every  difficulty  to  vanish.  Mere  physical  labour  has, 
in  a  great  degree,  been  transferred  to  automatic  machines,  that 
require  little  more  than  a  superintendence,  which,  being  an 
operation  of  the  mind,  is  calculated  not  to  degrade  but  to 
elevate. 

The  use  of  atmospheric  air  for  the  transmission  of  force 
is  among  the  simplest  applications  of  science  to  indus¬ 
trial  purposes.  We  shall  glance  at  a  few  of  the  methods 
which  have  been  employed  for  the  purpose.  The  wind  has 
indeed  long  been  used  as  a  source  of  motion ;  but  its  uncer¬ 
tainty  and  varying  force  have  rendered  the  effect  which  may 
be  obtained  from  it  of  but  little  value.  The  air  is  far  more 
usefully  applied  to  the  storeing  up,  or  the  transmission  of 
power,  which  may  be  used  when  and  where  it  might  not  have 
been  convenient  or  even  possible  to  obtain  it  from  other  sources. 
Its  efficiency  may  be  derived  from  either  increased  or  diminished 
pressure. 

The  possibility  of  impelling  carriages  on  railways  by  means 
of  atmosphere  pressure,  suggested  itself  long  since ;  but  the 
difficulties  with  which  the  carrying  out  of  the  project  was  beset. 
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and  tlie  wrong  principles  that  were  adopted  in  the  attempt  to 
do  so,  rendered,  until  recently,  all  experiments  on  the  subject 
unsuccessful.  The  very  earliest  idea  was  that  the  carriages 
should  travel  within  a  tube;  but  it  was  abandoned,  from  a 
supposition  that  it  would  be  impossible  to  remain  with  com¬ 
fort,  or  even  with  safety,  in  such  circumstances.  A  piston, 
moving  inside  the  tube,  and  connected  by  means  of  a  long 
valve  with  carriages  external  to  it,  was  therefore  adopted. 
But  no  amount  of  ingenuity  or  care  was  found  sufficient  to 
prevent  a  leakage  that  caused  a  loss  of  power  incompatible 
with  the  profitable  working  of  such  a  line.  The  leakage  was 
the  more  serious  from  the  considerable  difference  between  the 
pressure  required  at  each  side  of  the  piston.  It  has  been  found 
that  when  the  carriages  or  waggons  are  within  the  tube,  a 
pressure  of  three  or  four  ounces  per  square  inch  will  suffice  for 
all  desirable  velocities — two  and  a  half  ounces  are  enough 
to  produce  a  speed  of  thirty  or  forty  miles  an  hour.  But  when 
there  is  a  travelling  piston,  and  a  valve  the  whole  length  of 
the  tube,  to  allow  the  bar  connecting  the  piston  and  carriages 
to  pass  along  it,  from  120  to  160  ounces  are  indispensable. 

The  history  of  the  atmospheric  railway  furnishes  an 
example  of  the  abandonment  of  a  valuable  principle,  simply 
because  unscientific  means  were  used  for  carrying  it  out,  and 
difficulties  which  had  no  existence  were  taken  for  granted.  In 
the  infancy  of  the  locomotive,  a  similarly  unfounded  assumption 
of  insufficient  adhesion  between  the  driving  wheels  and  the 
rails  led  to  a  great  waste  of  ingenuity,  and  to  a  large  and 
useless  expenditure  of  time  and  money. 

The  application  of  atmospheric  pressure  to  the  propulsion 
of  vehicles  might  have  long  remained  in  abeyance,  had  not  the 
Pneumatic  Despatch  Company  applied  the  principle  to  the 
conveyance  of  letters  and  merchandize,  and  thus  afforded  an 
opportunity  of  proving  that  even  human  beings  might  continue 
without  inconvenience  in  a  closed  tube.  The  removal  of  an 
apparently  insuperable  objection  to  atmospheric  propulsion 
which  has  thus  taken  place  is  of  the  highest  importance ;  since, 
with  a  pneumatic  railway,  the  danger  of  accident  is  diminished 
almost  to  nothing ;  collisions  are  made  absolutely  impossible ; 
and  since  a  train  cannot,  in  any  circumstances,  run  off  the 
line,  the  greatest  velocity  is  unaccompanied  by  danger. 
The  view  of  external  objects  is,  indeed,  altogether  excluded ; 
but  this  privation  is  little  greater  than  that  experienced  on 
ordinary  railways  from  the  number  of  cuttings,  tunnels,  and 
interposed  objects,  and  the  high  speed. 

With  an  atmospheric  railway,  the  expense  of  construction 
and  maintenance  are  greatly  diminished  ;  steep  gradients  and 
sharp  curves  cease  to  be  objectionable,  since  an  ascent  of  one 
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in  fifteen,  or  a  curve  of  eight  chains  radius,  causes  no  incon¬ 
venience,  and  great  facilities  are  afforded  by  it  for  passing 
under  rivers. 

The  elasticity  of  the  air  has  been  applied  in  numberless 
other  ways.  Reducing  its  pressure  during  evaporation  had  led 
to  extraordinary  economy  in  the  manufacture  of  cane  sugar; 
and  to  the  removal  of  all  disagreeable  smell  and  danger 
of  explosion  from  petroleum.  Bridge  building  has  been 
greatly  facilitated  by  exhausting  the  air  within  the  caissons 
sunk  for  the  foundation  of  piers,  which  causes  the  silt  and  mud 
to  rise  up  within  them,  so  as  to  be  easily  removed ;  or  by 
keeping  the  water  out  of  the  caisson,  while  the  excavation  is 
being  carried  on,  the  air  within  it  being  compressed.  The 
process  used  in  the  manufacture  of  soda  has  been  simplified 
by  discovery  of  the  fact  that  sulphate  of  baryta  is  decom¬ 
posed  by  caustic  lime,  at  a  pressure  greater  than  that  of  the 
atmosphere. 

Compressed  air  is  applied  very  effectively  to  the  transmission 
of  power.  Thus,  in  giving  motion  to  the  shuttle  in  weaving, 
and  on  the  large  scale  in  the  tunnel  which  is  being  cut  under 
the  Alps  near  Mont  Cenis.  The  air,  in  the  latter  case,  is 
condensed  by  water  power  outside,  and  is  conveyed  by  pipes 
into  the  excavation,  where  it  gives  motion  to  the  chisels  that 
perforate  the  rock,  forming  cavities  for  the  gunpowder  used  in 
blasting. 

The  contrivances  employed  as  convenient  substitutes  for 
human  labour  are  not  set  in  motion  by  air  only;  water  pressure 
also  is  employed  with  great  advantage  for  the  purpose.  The 
water-wheel,  like  the  windmill,  is  of  ancient  date,  and,  like  it, 
is  unsuited  in  ordinary  cases  to  the  production  of  motion.  The 
pressure  of  water  has  therefore  been  otherwise  and  more 
effectively  applied  —  very  often  by  means  of  an  engine 
bearing  a  very  close  resemblance  to  the  steam  engine,  and 
differing  from  it  only  in  consequence  of  the  difference  between 
the  properties  of  non-elastic  and  elastic  fluids  :  a  difference 
which  was  long  a  source  of  great  difficulties.  A  water  pressure 
of  between  sixty  and  seventy  pounds  to  the  square  inch 
is  found  sufficient  for  all  ordinary  purposes,  and  may  be 
obtained  from  the  water  supply  of  most  great  towns  and  cities. 
Water,  on  account  of  its  freedom  from  danger,  and  the  facility 
with  which  its  pressure  is  transmitted  from  one  place  to 
another  by  means  of  pipes,  as  well  as  its  economy  and  easy 
application,  will  most  probably  before  long  come  into  very 
general  use. 

The  discovery  of  means  for  propelling  machinery  by  air  or 
water  pressure  has  been  the  cause  of  great  improvements  in 
mining.  The  idea  of  substituting  mechanical  for  hand  labour 
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in  mining  operations  is  not,  indeed,  new.  Hunter,  wlio 
invented  machinery  for  cutting  and  planing  stone,  turned  his 
attention  also  to  machines  for  boring  and  drilling  ;  and  many 
ingenious  men,  both  in  this  and  other  countries,  afterwards 
took  up  the  subject,  with  various  degrees  of  success. 

The  earlier  attempts  at  mining  and  tunneling  by  machinery 
appear  to  have  been  founded  on  wrong  principles.  Thus,  in 
PeuriceV  machine,  which  excited  great  attention  some  years 
ago,  a  plate  equal  in  size  to  the  tunnel,  and  having  several 
hundred  chisels  fixed  on  its  face,  was  moved  backwards  and 
forwards  by  a  piston  with  which  it  was  connected.  But  the 
sudden  jerks  of  so  heavy  a  mass  were  destructive  to  the  chisels, 
especially  when  they  came  in  contact  with  hard  portions  ot 
the  rock — and  as  no  provision  was  made  for  replacing  them. 
With  Gray^s  engine  there  was  a  similar  disc,  but  it  revolved ; 
the  chisels  therefore  moved  with  a  velocity  dependent  on  their 
distance  from  the  centre ;  and,  consequently,  the  work  done  by 
some  of  them  must  have  been  very  severe.  Such  an  apparatus 
involved  serious  defects ;  it  exerted  only  a  scraping,  action, 
which  rapidly  wore  out  the  chisels,  and  was  not  nearly  so 
effective  in  perforating  rock  as  rapidly  succeeding  blows. 
In  the  machines  used  in  the  tunnel  of  Mont  Cenis  these 
imperfections  have  been  avoided.  Small  perforators  travel  on 
a  carriage,  each  of  them  being  a  kind  of  horizontal  air-pressure 
engine,  the  prolonged  piston-rod  of  which  carries  a  jumper 
that  makes  250  strokes  a  minute.  The  excess  of  pressure  on 
each  jumper,  above  that  of  the  air-spring  which  brings  it  back, 
is  21 6  pounds  ;  and  hence  a  very  considerable  power  is  brought 
into  action.  Various  kinds  of  mining  machines  are  now 
employed,  some  of  them  forming  either  horizontal  or  vertical 
grooves. 

Machinery  has  never  been  more  usefully  applied  than  in 
cutting  coal.  If  this  is  done  by  hand,  the  labour  is  not  only 
degrading  and  severe,  but  highly  dangerous ;  since,  when  the 
coal  is  undermined,  it  but  too  often  tumbles  down  on  the  miner, 
crushing  and  burying  him  alive.  There  is-  great  economy  in 
coal  mining  by  machinery.  In  under-cutting  by  hand,  the 
opening  must  be  very  wide  in  front,  or  it  will  be  impossible  to 
get  at  its  inner  portions,  as  it  must  be  about  three  feet  deep. 
The  coal  thus  removed  by  the  miners  is  so  small,  as  to  be 
nearly  valueless.  When  the  cut  is  made  by  a  machine,  it  is 
extremely  narrow,  and  thus  a  great  saving  is  effected.  As 
soon  as  the  groove  is  sufficiently  deep,  the  coal  falls  by  its  own 
weight,  or  is  forced  down  by  wedges;  but  should  it  fall  by 
itself,  it  can  do  no  injury. 

The  process  of  puddling  by  hand  ranks  next  to  coal¬ 
cutting  in  severity;  but  as  it  requires  great  strength  and 
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considerable  skill,  it  is  well  paid  for;  and  the  number  suited 
for  the  operation  being  limited,  puddlers  can  enforce  the 
acceptance  of  almost  their  own  terms,  to,  in  many  cases,  the 
great  detriment  of  the  iron  manufacture.  Puddling,  which 
changes  crude  into  malleable  iron,  is  intended  to  expose  every 
portion  of  the  metal  thoroughly  to  the  air,  at  a  very  high 
temperature,  that  the  excess  of  carbon,  which  causes  it  to 
differ  from  malleable  iron,  may  be  burned  off. 

The  idea  of  superseding  the  objectionable  and  exhausting 
process  of  puddling  by  hand  is  not  new ;  but  only  recently, 
and  to  a  partial  extent,  have  the  attempts  wdiich  have  been 
made  for  the  purpose  been  crowned  with  success.  It  is  diffi¬ 
cult  to  devise  automatic  machinery  for  puddling ;  the  move¬ 
ments  are  peculiar,  and  it  is  necessary  to  renew  the  instrument 
very  frequently,  on  account  of  the  high  temperature.  The  aid 
of  the  workmen  can  never  be  entirely  dispensed  with,  since 
intelligence  is  necessary  for  determining  the  moment  at  which 
the  mass  becomes  in  a  spongy  condition,  and  therefore  requires 
a  change  of  treatment.  The  last-mentioned  circumstance 
renders  it  possible  to  supersede  only  the  severest  portions  of 
the  labour  ;  and  hence,  when  the  metal  begins  to  agglomerate, 
the  work  of  the  machine  ceases,  and  that  of  the  puddler 
begins.  But  the  application  of  machinery,  even  to  this  extent, 
greatly  diminishes  the  amount  of  manual  labour,  shortens  the 
time  required,  lessens  the  consumption  of  fuel,  and  even 
improves  the  product. 

The  importance  of  any  successful  modification  of  the 
puddling  process  may  be  inferred  from  the  vast  quantity  of 
wrought  iron  required  at  present :  but  it  has  been  found  very 
difficult  to  introduce  any  machinery  connected  with  it.  Iron 
masters  could  not  be  persuaded  that  an  operation  in  which  so 
much  depends  on  watchfulness  and  skill,  could  be  even  par¬ 
tially  carried  out  by  mechanical  appliances.  Hot  only  must 
carbon,  silex,  and  perhaps  phosphorus,  be  got  rid  of,  but  a  part 
of  the  silicate  of  iron,  or  fusible  slag,  must,  for  some  reason, 
which  as  yet  is  unknown,  be  kneaded  up  with  the  iron.  The 
slag,  it  is  probable,  elongates  the  crystals  under  the  roller,  so 
as  to  change  them  into  fibres — a  transformation  which  is  in¬ 
dispensable  to  strength.  When  the  oxidising  flame  of  the 
furnace  is  to  be  converted  into  a  neutral,  by  shutting  the  door 
of  the  damper,  the  kneading  of  the  silicate  must  have  been 
completed ;  since,  if  the  metal  is  not  withdrawn  at  the  proper 
time,  an  injurious  chemical  change  would  begin  :  much,  there¬ 
fore,  still  depends  on  the  puddler.  If  intelligence  were  not 
required  during  a  portion  of  the  process,  there  might  be  hope 
that  some  time  or  another  the  whole  of  it  would  be  carried  on 
by  machinery.  The  introduction  of  the  latter,  however,  even 
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to  a  limited  extent,  lias  been  attended  with  great  advantages, 
and  especially  wben  grey  iron,  which  remains  longer  in  the 
fluid  state,  is  manipulated ;  the  labour  with  this  being 
greater,  and,  therefore,  when  performed  by  hand,  more 
exhausting. 

It  is  found  that,  with  the  machine,  five  hundred  weight 
may  be  puddled  in  the  time  which  would  be  required  for 
puddling  four  by  hand,  and  the  work  is  better  done.  The 
superiority  of  the  product  is  partly  accounted  for  by  the  fact, 
that  the  workman,  however  great  his  assiduity  and  skill,  leaves 
a  portion  of  the  iron  in  the  crude  state.  When  the  puddling- 
machine  is  used,  the  required  transformations  are  effected 
more  completely,  and  with  greater  uniformity.  The  heavier 
part  of  the  work  being  already  executed,  the  workmen,  come 
fresh  to  their  portions  of  it  :  and  their  strength,  instead  of  having 
been  wasted  on  that  which  requires  mere  physical  force,  is 
reserved  for  the  more  important  and  delicate  details  of  the 
operation. 

The  process  invented  by  Bessemer  is  intimately  connected 
with  that  which  we  have  just  noticed  :  it  is,  indeed,  funda¬ 
mentally  the  same,  the  very  same  object — the  combustion  of 
the  carbon — being  sought  to  be  attained  in  both,  though  by 
different  means.  No  improvement  in  manufacture  has  been 
attended  with  more  important  results,  and  none  more  tho¬ 
roughly  illustrates  the  advantages  conferred  by  science  on  the 
useful  arts.  It  was  suggested  by  science,  it  was  brought  to 
perfection  by  science,  and  there  is  nothing  connected  with  it 
that  is  not  founded  on  scientific  principles.  It  has  conferred 
incalculable  benefits,  either  directly  or  indirectly,  on  every 
branch  of  manufacture. 

To  obtain  malleable  iron  from  the  ore,  the  oxygen,  etc., 
found  in  combination  with  it,  must  be  removed.  This  is 
effected  by  bringing  it  in  contact  with  carbon  at  a  high  tem¬ 
perature,  the  ore  having  been  previously  roasted  to  expel 
moisture.  Unfortunately  for  the  simplicity  of  the  operation, 
the  iron,  when  it  is  deprived  of  the  oxygen,  combines  with 
carbon,  crude  iron,  which  is  fusible,  but  neither  malleable  nor 
ductile,  being  formed.  The  carbon  is,  in  its  turn,  banished,  ordi¬ 
narily  by  the  operation  of  puddling.  But,  by  the  Bessemer 
process,  instead  of  the  fused  iron  being  stirred  in  contact  with 
atmospheric  air,  the  latter  is  blown  through  it,  and  is  thus 
made  to  act,  not  only  on  the  surface,  but  throughout  the  entire 
mass,  and  to  exert  not  only  a  chemical  effect,  but — which  is 
of  the  greatest  importance — a  mechanical  also ;  the  molten 
mass  being  dashed  into  spray,  and  therefore  thoroughly 
exposed  to  the  oxidising  agents.  The  action  produced  in  this 
way  is  so  energetic  that  a  very  intense  heat  results ;  and  the 
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iron,  even  when  reduced  to  the  malleable  state,  and  therefore 
extremely  infusible,  is  kept  so  fluid  that  it  may  be  poured  into 
moulds. 

The  chief  difficulty  attending  this  process  appears  to  be  the 
stopping  it  at  the  right  time ;  for  it  is  evident  that,  if  con¬ 
tinued  after  all  the  carbon  has  been  consumed,  the  iron  itself 
will  be  oxidized;  in  which  case,  not  only  will  there  be  waste, 
but  the  quality  of  the  result  will  be  deteriorated.  The  man¬ 
ganese,  however,  which  is  now  always  added,  either  combines 
with  the  excess  of  oxygen,  towards  the  end  of  the  process,  or 
- — which  is  more  probable — renders  the  iron  more  fluid,  and 
thus  allows  the  oxide  of  iron,  along  with  other  impurities,  to 
rise  more  easily  to  the  surface. 

It  is  clear  that  steel  may  be  obtained  from  crude  iron,  by 
removing  just  enough  of  the  carbon  to  leave  the  amount  which 
is  required  to  constitute  steel;  and  this  is  one  of  the  methods 
employed.  But  it  is  very  obvious  that  the  goodness  of  the 
steel  thus  obtained  must  altogether  depend  on  the  operation 
being  stopped  at  the  proper  moment ;  which,  if  not  impossible, 
is  extremely  difficult,  whatever  care  may  be  taken,  or  however 
the  quantity  of  atmospheric  air  employed  may  be  proportioned 
to  the  amount  of  crude  iron  which  is  to  be  changed.  The 
method  which  affords,  with  more  certainty,  a  good  result,  con¬ 
sists  in  burning  away  the  whole  of  the  carbon  :  and  then 
adding  so  much  crude  iron,  or  of  some  mixture  containing  the 
required  quantities  of  carbon,  silex,  and  manganese,  that  there 
shall  be,  in  the  whole  mass,  just  enough  of  each  constituent  to 
form  steel. 

The  Bessemer  process  is  one  of  the  most  recent  of  our 
manufacturing  improvements,  and  yet  it  is  rapidly  approach¬ 
ing  to  almost  general  adoption.  It  was  first  made  known  to 
the  public  in  1856,  and,  although  but  ten  years  have  elapsed 
since  that  time,  100,000  tons  of  steel  are  now  by  means  of  it 
made  annually.  It  must  not  be  supposed  that  it  is  founded  on 
any  new  principle — it  is  merely  another  instance  of  the 
happy  and  ingenious  application  of  something  long  before 
known,  though  little  or  not  at  all  utilized.  Air  has  been 
blown  through  fused  cast  iron  for  at  least  three  hundred 
years,  and  iron  has  been  prepared  for  puddling  in  this  way  for 
one  hundred  years.  But,  obvious  as  the  adaptation  of  such  a 
process  to  the  making  of  steel  or  of  malleable  iron  might 
appear  to  be,  it  was  never  used  for  these  purposes  until  Bes¬ 
semer,  fortunately  for  himself,  and  still  more  fortunately  for 
the  arts  and  manufactures,  hit  on  the  happy  idea  of  thus  em¬ 
ploying  it.  The  great  secret  of  his  success  consists  in  the 
mechanical  use  he  makes  of  the  blast;  without  this  the  decom¬ 
position  would  be  irregular  or  incomplete.  And  it  is  this 
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apparently  trifling  circumstance  which  gave  a  novelty  and  a 
real  value  to  the  manipulation  he  adopted. 

The  immense  value  of  the  Bessemer  process  arises  from 
the  extraordinary  economy  with  which  a  most  valuable  article 
may  be  produced.  It  has  already  furnished  steel  at  £12  per 
ton ;  and  it  is  capable  of  supplying  it  as  cheaply  as  wrought 
iron.  The  difference  between  the  strength  and  durability  of 
iron  and  steel  is  very  great.  It  has  been  found  that  without 
being  worn  out  themselves,  steel  rails  on  railways  will  wear 
out  seventeen  faces  of  iron  rails  exposed  to  but  the  very  same 
treatment.  The  Bessemer  process  is  capable  of  producing 
the  steel  required  for  the  most  delicate  purposes  ;  Swedish 
tool  steel,  formed  by  means  of  it,  and  remelted  to  secure  per¬ 
fect  uniformity,  is  so  excellent  as  to  sell  at  £65  per  ton. 

The  last  application  of  science  to  which  I  shall,  on  this 
occasion,  direct  attention,  is  that  of  electro -metallurgy.  It 
admirably  illustrates  the  important  results  which  may  follow 
from  the  observation  of  a  simple,  and  seemingly,  an  unim¬ 
portant  circumstance,  by  an  intelligent  man  of  science.  Who 
could  have  imagined  that  the  convulsions  which  Yolta  re¬ 
marked  in  the  limbs  of  a  frog,  during  an  anatomical  experi¬ 
ment,  would  have  led  to  the  discovery  of  that  vast  amount  of 
knowledge  which  now  constitutes  electrical  science,  with  its  mul¬ 
titudinous  applications  to  the  arts.  To  electricity  we  owe  tele¬ 
graphy,  which,  in  the  most  literal  sense,  annihilates  both  time  and 
space;  and  electro-metallurgy,  which  gives  us  almost  unbounded 
dominion  over  the  metals,  enables  us  to  produce  with  ease,  and 
at  a  trifling  cost,  the  most  complicated  and  costly  works  of  art, 
and  lends  its  aid  to  nearly  every  branch  of  manufacture. 

Formerly,  almost  all  metallurgical  operations  were  carried 
on  by  means  of  fire ;  but  galvanism  has,  to  a  great  extent, 
superseded  the  use  of  the  furnace.  Electro-metallurgy  was 
not  the  result  of  a  fortunate  inspiration,  or  the  simple  develop¬ 
ment  of  some  well-known  principle  which  had  been  long 
neglected ;  it  is  the  result  of  a  long  series  of  ingenious  and 
successful  experiments  and  investigations.  So  long  ago  as  the 
commencement  of  the  present  century,  it  was  noticed  that  the 
elements  of  a  compound  went  to  opposite  poles  of  the  gal¬ 
vanic  battery ;  and  that,  when  silver,  in  contact  with  a  more 
positive  metal,  is  put  into  a  solution  of  copper,  the  silver  is 
coated  with  copper  in  a  state  which  allows  it  to  be  burnished — 
a  fact  that  constitutes  the  very  foundation  of  the  electrotype 
process ;  and  in  1805,  Brugnatelli  gilded  by  means  of  an 
ammoniuret  of  gold.  But  in  consequence  of  a  strange  apathy, 
which  is  sometimes  observed  during  the  development  of  the 
most  important  discoveries,  little  or  no  further  progress  was 
made  for  more  than  thirty  years,  when  De  la  Hue  remarked  the 
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important  fact  that  the  copper  deposited  on  the  copper  plate  of 
the  galvanic  battery,  on  being  stripped  off,  affords  an  exact 
fac  simile  of  that  plate  in  opposite  relief.  This  was  a  dis¬ 
covery  of  too  great  value  to  be  neglected :  other  experimen¬ 
talists  prosecuted  the  inquiry  it  suggested ;  and  what  originally 
was  the  source  of  mere  philosophical  recreation,  was  soon 
developed  into  a  valuable  art,  and  ultimately  into  an  important 
branch  of  trade. 

Great  difficulties  were  at  first  experienced  in  manipulating 
with  the  noble  metals  :  but  they  were  at  an  end  when,  in  1840, 
it  was  discovered  that  their  oxides  or  cyanides  are  soluble  in 
the  alkaline  cyanides.  It  was  then  possible  to  obtain  them 
in  firm,  adherent,  and  bright  films :  and  when  it  was  ascertained, 
a  few  years  after,  that  silver  is  deposited  in  a  bright  state  if 
sulphuret  of  carbon  is  present,  the  art  of  electroplating  attained 
its  highest  perfection. 

The  application  of  electro-metallurgy  to  other  branches  of 
manufacture  are,  perhaps,  still  more  important.  It  affords  a 
cheap  and  convenient  mode  of  multiplying  the  most  costly  en¬ 
gravings.  An  engraved  copperplate  cannot,  "without  being  worn 
out,  afford  more  than  a  very  small  number  of  proofs,  which 
perceptibly  deteriorate  as  the  number  pr  ogresses.  To  meet 
the  cost  of  production,  it  was  necessary  to  charge  a  high 
price  for  each  proof,  and  as  those  who  were  able  to  pay 
thus  liberally  were  very  few,  there  was  little  encouragement 
even  for  the  most  distinguished  artists.  But  when  the  electro¬ 
type  process  supplied  a  mode  of  multiplying  to  any  extent 
copies,  all  of  which  were  almost  equally  perfect,  an  immense 
sale,  which  was  the  natural  consequence,  abundantly  remune¬ 
rated  both  the  artist  and  the  publisher,  though  the  price 
charged  was  greatly  lower ;  and  led  to  the  production  of  many 
a  noble  work,  which  in  other  circumstances  would  never  have 
existed. 

In  addition  to  this,  the  electrotype  process  has  made  the 
choice  productions  of  one  country  available  to  every  other  ; 
since  any  number  of  fac  similes  of  an  engraving  on  copper 
or  wood  may  be  obtained  by  it  for  little  more  than  the 
the  price  of  the  metal.  In  this  way  we  secure,  at  a  moderate 
cost,  the  best  productions  of  France  and  Germany;  which,  in 
return,  receive  from  us  copies  of  the  most  successful  works  of 
our  own  artists. 

Electro-metallurgy  may  now  be  considered  to  have  all  but 
reached  perfection.  The  various  useful  metals,  almost  without 
exception,  can  be  deposited  either  singly  or  in  combination  on 
each  other  from  alkaline  solutions ;  the  precipitation  of  their 
oxides  being  prevented  by  the  presence  of  organic  matter. 
The  cheap  and  simple  means  thus  presented  of  coating  the 
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inferior  with,  the  more  valuable  and  less  perishable  metals, 
must  be  attended  with  the  greatest  advantages  in  manufactur¬ 
ing  and  domestic  operations. 

In  returning  to  this  interesting  subject,  we  shall  consider 
some  applications  of  scientific  discovery  of  a  different  kind,  but 
of  a  not  less  important  character. 


ON  THE  DEVELOPMENT  OF  THE  OVUM  OF  THE 
COMMON  NEWT,  TRITON  CRISTATUS. 

BY  THE  EEV.  F.  HOWLETT,  M.A.,  F.R.A.S. 

(With  a  Coloured  Plate.) 

As  the  spring  approaches,  we  would  recommend  all  chose  who 
conveniently  can,  and  who  may  not  as  yet  have  investigated 
the  subject,  to  prepare  for  the  examination  of  certain  vital 
phenomena,  which  cannot  fail  to  afford  deep  interest  to  the 
student  of  natural  history,  be  his  attainments  in  that  fascinat¬ 
ing  science  greater  or  less. 

We  allude  now  more  especially  to  the  beautiful  and  very 
easily  observed  process  of  the  development  from  the  ovum  or  egg 
of  one  of  the  commonest  tenants  of  our  ponds  and  ditches,  the 
eft  or  water-newt,  of  which  two  species  are  found  in  this 
country,  viz.,  Triton  cnstatus  (the  common  water-newt,  and 
subject  of  this  paper),  and  T.  palustris ,  or  the  large  warty- 
newt. 

To  see  this  phenomenon  to  the  best  advantage,  the  method 
about  to  be  described  will  be  found  very  effectual  and 
satisfactory. 

In  the  first  place,  ascertain  by  at  latest  the  middle  of  April 
that  your  aquarium  or  other  convenient  receptacle  for  water 
is  in  good  order,  and  furnished  with  some  aquatic  plants  of 
clean  and  healthy  growth,  and  (for  the  purpose  in  hand)  of 
small  and  neat  foliage,  such  as  Anacharis  cblsinastrum  (one  of 
the  best  and  most  readily  procurable),  Callitriche,  Myriophylum, 
or  the  characeous  plant,  Nitella  translucens ,  the  transparent 
nitella,  which  last,  lor  other  special  reasons  to  be  mentioned 
presently,  is  a  great  favourite  with  the  writer,  and  is  found  very 
commonly  in  the  ponds  in  his  locality,  in  the  Weald  of 
Sussex. 

Your  aquarium,  then,  having  been  thus  furnished,  look  out 
during  warm  sunny  days  from  about  the  middle  of  April  to  the 
middle  of  May,  for  any  female  newts,  which  then  (pursued  fre¬ 
quently  by  some  male  admirer)  may  be  observed  swimming1 
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EGG  OF  NEWT  (Triton  cristatus)  AND  ITS  DEVELOPMENT. 

Fig.  1,  May  25.  Eig.  2.  May  29.  Fig.  3,  June  2.  Fig.  4,  June  4.  Fig  5,  June  6. 
Fig.  6.  June  8.  Figs.  1  to.  5  mag.  8  diameters.  I lg.  6  mag,  15. 
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in  the  ponds,  near  the  surface  of  the  water.  They  may  be 
readily  distinguished  by  the  comparative  absence  of  that  wavy, 
handsome,  dorsal  fin-like  membrane  which  is  so  conspicuous 
on  the  back  of  the  males. 

Select  those  females  which  by  their  somewhat  superior 
bulk  may  be  known  to  be  already  in  a  condition  to  commence 
laying  their  eggs  ;  and  having  placed  two  or  three  of  them  in 
your  aquarium,  you  will  find  that  they  will  very  soon  begin  to 
deposit  their  eggs,  one  by  one,  amongst  the  foliage  of  your 
Anacharis ,  or  other  plant,,  slightly  concealing  them,  probably, 
by  drawing  two  or  three  of  the  leaves  together  by  means  of 
their  hind  legs.  At  the  same  time  have  in  readiness  one  or 
two  of  the  neat  glass  troughs,  sold  by  any  microscope-maker, 
about  three  inches  or  so  in  length,  and  two  inches  broad; 
and  properly  furnished  also  with  a  loose  plate  of  glass  placed 
obliquely  inside,  in  order  to  secure  steadiness  in  the  object  to 
be  magnified,  and  to  regulate  the  depth  of  water  through 
which  it  may  be  desirable  to  view  it.  Then  detach  half-a- 
dozen  or  so  of  your  ova  from,  the  leaves  wherein  they  have  been 
deposited,  and  place  them  carefully  in  your  glass  trough,  tak¬ 
ing  a  note  of  the  day  or  days  whereon  they  were  laid  by  the 
parent  newts ;  which,  by  the  way,  are  sometimes  nefariously 
disposed,  when  pressed  by  hunger,  to  devour  their  ova;  and 
hence  the  more  need  to  remove  some  betimes  to  a  place  of  safe 
custody. 

The  process  by  which  they  may  then  be  seen  to  develope, 
and  presently  to  be  hatched,  will  be  readily  observed  ;  with  a 
rapidity,  moreover,  proportionate  to  the  elevation  or  depression 
of  the  temperature  to  which  they  shall  have  been  subjected  in 
the  troughs. 

The  eggs  when  first  laid  are  about  the  size  of  mustard  seeds, 
and  of  a  yellowish  gray  colour;  and  consist  of  a  soft  granular 
mass,  invested  in  a  closely-fitting  transparent  membrane,  the 
zona  pellucida  or  vitelline  sac. 

One  point  of  great  interest  in  connection  with  the  develop¬ 
ment  of  the  ova  of  the  frog,  toad,  newt,  and  some  other  rep¬ 
tiles  consists  in  the  fact  that  the  embryo  animal  gradually 
evolved  from  them,  does  not  derive  its  origin  from  any  one 
germinal  vesicle  upon  the  surface  of  the  yelk  (which  is  the  case 
with  not  only  all  birds,  but  also,  it  would  appear,  with  the 
microscopic  ova  of  the  mammalia  themselves),  but  the  whole 
mass  of  the  yelk  may  be  seen  to  be  ,  gradually  moulded,  as  it 
were,  into  the  young  larva  or  tadpole,  in  the  method  illustrated 
by  the  accompanying  plate,  and  all  of  which  was  witnessed 
and  drawn  by  the  writer  of  this  article,  in  the  spring  of  last 
year,  1865.  It  should  be  remembered,  by  the  way,  that 
the  temperature  last  spring  was  unusually  high  for  this 
VOL.  IX.-— NO.  III.  o 
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country,  otherwise  the  development  of  the  young  newts  would 
have  been  much  more  tardy,  as  any  observer  may  prove  by 
keeping  one  set  of  ova  in  a  room  with  only  a  northern  aspect, 
and  another  in  one  exposed  to  the  sunny  south,  when  it  will  be- 
found  that  the  latter  will  be  hatched  several  days  before  the 
former. 

The  plant  represented  in  the  plate  is  a  portion  of  Anacharis- 
alsinastrum ,  and  shows  both  the  way  in  which  the  female  newt 
deposits  her  eggs  amongst  the  foliage,  as  well  as  the  succes¬ 
sive  stages  through  which  the  substance  of  an  egg  passes  on  its 
way  towards  the  development  of  the  'tadpole,  which  ultimately 
proceeds  from  it. 

The  subject  from  which  the  drawings  were  taken  was, 
indeed,  hatched  in  a  glass  trough,  apart  from  the  plant  to  which 
it  had  been  attached,  but  from  time  to  time  the  writer  trans¬ 
ferred  other  eggs,  together  with  portions  of  the  nitella  or  of  the 
anacharis  amidst  which  they  had  been  laid,  from  his  aquarium, 
when  the  same  phenomenon  as  those  about  to  be  described 
were  again  and  again  verified. 

No  1 — in  the  first  instance  represented,  in  its  natural  size 
among  the  foliage  of  anacharis,  and  also,  secondly,  as  seen 
under  a  low  magnifying  power  of  about  eight  diameters — exhi¬ 
bits  the  ovum  as  it  appeared  on  the  day  it  was  laid,  May  25th, 
1865,  consisting,  as  we  before  said,  of  a  soft,  yellowish  gray, 
slightly-granulated  mass,  closely  surrounded  by  its  transparent 
vitelline  sac.  On  May  28th,  this  sac,  perhaps  by  a  combina¬ 
tion  of  vital  force  accompanied  by  aquatic  endosmose,  had  be¬ 
come  slightly  distended,  standing  away  in  places  from  the 
yelk  within,  which  last  had  now  begun  to  exhibit  a  sort  of 
segmentation  or  tendency  to  divide  itself,  strongly  resembling’, 
in  fact,  the  cleft  in  the  young  peach  or  apricot ;  whilst  other 
ova  of  slightly  different  ages,  and  seen  too  in  varying  positions, 
looked  not  a  little  like  minute  bales  of  wool,  or  other  elastic 
material,  compressed  tightly  with  cords,  showing,  therefore,  a 
still  further  tendency  to  segmentation,  preparatory  to  the  pro¬ 
trusion  of  the  various  embryo  limbs  of  the  nascent  tadpole. 

This  state  of  things  began  to  be  considerably  more  appa¬ 
rent  in  the  same  ovum  on  June  2nd  (see  fig.  o),  and  still  more 
so  on  the  4th  of  that  month,  as  shown  in  fig.  4  ;  where,  at  the 
upper  extremity  of  the  ovum,  the  caudal  part  of  the  vertebral 
column  may  be  seen  first  projecting  outwards  from  the  general 
mass,  and  then  curving  downwards,  and  terminating  in  a  short, 
blunt,  rudimentary  tail,  e.  The  hyaloid  membrane  had  now 
also  become  much  more  distended,  but  still  preserving  its  oval 
form,  which,  indeed,  it  retained  to  the  last. 

At  this  stage,  also,  appeared  indications,  ad  the  point  a,  of 
the  head  of  the  little  creature,  together  with  the  eyes ;  as  well 
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also,  at  b,  of  what  afterwards  may  be  seen  to  prove  one  of  the 
single  cylindrical  branchial  tubes  with  which  the  tadpole  be¬ 
comes  furnished ;  whilst  c  shows  traces  of  what  becomes  a  more 
complicated  aud  eventually  palmated  set  of  branchial  tubes, 
serving  the  purpose  of  gills  ;  d  being  a  protuberance  which  fur¬ 
nishes  one  of  the  anterior  legs,  the  hinder  ones  (as  is  the  case 
also  with  the  frog  and  toad) ,  not  being  developed  till  some  little 
time  after  the  tadpole  has  emerged  from  the  ovum. 

In  fig.  5,  for  June  6th,  all  the  above-mentioned  features 
may  be  seen  somewhat  further  developed,  the  little  creature, 
moreover,  having  somewhat  changed  its  position,  whilst  at  the 
same  time  its  skin  had  become  much  more  highly  organized, 
and  presented  that  tuberculated  or  warty,  and  also  transparent 
structure,  which  is  so  apparent  in  the  cast-off  cuticle  which  the 
newt,  even  when  full  grown,  may  often  be  seen  to  leave  behind 
him  (or  her,  as  the  case  may  be)  in  the  water  after  changing 
its  coat. 

Fig.  6  shows  our  newt  when  much  more  fully  developed 
on  June  8th.  The  head  and  eye  were  now  plainly  apparent, 
though  the  integuments  of  the  eye  (the  cornea  more  espe¬ 
cially)  were  far  from  having  attained  that  perfect  transparency 
necessary  for  distinct  vision.  The  cylindrical  tube,  b ,  was  well 
exhibited,  as  also  the  commencement  of  the  palmated  set  of 
tubes,  c ;  and  a  somewhat  more  advanced,  though  as  yet  only 
still  a  faint  notion,  of  the  anterior  leg  at  d.  On  this  day,  too, 
the  highly  interesting  phenomenon  of  the  circulation  of  the 
blood  in  the  branchial  tubes  first  became  apparent ;  and  which, 
when  the  tadpole  has  fairly  emerged  from  the  ovum,  and  begun 
(where  food  is  plentiful)  to  grow  rapidly,  affords  that  mag¬ 
nificent  spectacle  so  well  known  to  microscopists  ;  and  which 
is  but  very  unworthily  hinted  at  in  Fig.  7  :  which  is  merely  a 
partially -worked  sketch  of  a  portion  of  one  of  the  more  matured 
palmated  tubes  of  a  newt  magnified  about  sixty  diameters.  At 
this  stage  (when  the  newt,  that  is,  has  fairly  left  the  egg*,  and 
which  event,  in  the  case  of  the  little  creature  which  has  been 
now  under  our  notice,  happened  on  June  1 1th)  the  blood  cor¬ 
puscles  may  be  seen  to  have  attained  their  full  size,  clear  sharp 
outline,  and  that  oval  shape  which  is  characteristic  of  all  verte- 
brated  oviparous  animals,  whether  bird,  fish,  newt,  snake,  or 
any  other  form  also  of  reptile  :  whilst  previously  to  the  newt’s 
having  left  the  membrane  in  which  it  was  developed,  and  con¬ 
sequently  before  its  organs  of  respiration  could  have  had  free 
contact  with  the  oxygen  of  either  water  or  atmospheric  air, 
the  blood  corpuscles  possessed  no  regular  outline  at  all,  but 
they  consisted  of  a  multitude  of  small,  variously-shaped  gra¬ 
nulated  masses  ;  those  moreover  in  the  single  cylindrical  tubes 
being  smaller  and  less  abundant  than  those  in  the  more  pal- 
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mated  ones  ;  and,  indeed  elaborating,  seemingly,  a  sanguineus 
fluid  of  a  somewhat  different  character  than  that  which  cir¬ 
culated  through  the  tubes  last-mentioned,  and  destined,  per¬ 
haps,  for  the  nourishment  of  some  special  tissues,  or  organs. 

This  point  would  form,  probably,  a  very  interesting  subject 
for  investigation  to  the  more  practised  comparative  anatomist. 

The  writer,  moreover,  must  not  omit  to  notice  in  passing, 
that  on  J une  8th  aforesaid,  he  observed  a  circulation  plainly 
going  on  amongst  the  transparent  lymph,  with  which  the  whole 
of  the  vitelline  membrane  was  filled.  The  fact  was  indicated 
by  the  movement  of  a  few  sparsely-scattered  granules  contained 
within  the  sac,  and  which  would  seem  to  have  derived  their 
activity  from  the  impulse  imparted,  perhaps,  to  the  whole  of 
the  lymphatic  fluid  by  means  of  the  circulation  and  slight  pul¬ 
sations  of  the  branchial  tubes. 

flhe  vitelline  sac,  too,  is  not  devoid  of  interest ;  possessing, 
as  it  does,  in  consequence  of  its  corrugated  and  mesh-like 
structure,  a  singular  facility  for  expanding  to  any  limits  requi¬ 
site  for  the  welfare  of  the  little  animal  enclosed  within. 

Again,  whilst  the  circulation  of  the  blood  in  the  external 
branchial  tubes  of  the  newt  may  at  all  times  be  clearly  observed 
in  any  sufficiently-developed  specimen,  whether  hatched  or 
not  the  pulsations  of  the  heart  itself,  and  the  actual  propul¬ 
sion  from,  and  again  the  reception  by  that  organ  of  the  vital 
fluid  is  not  so  readily  seen  5  owing,  of  course,  to  the  lack  of 
transparency  in  the  integuments  of  the  creature'’ s  body. 

Under  certain  conditions,  however,  this  transparency  is 
found  to  be  very  considerably  increased,  as  shall  presently  be 
described.  But,  previously,  let  the  writer  assure  every  genial 
and  gentle  reader  who  may  cast  an  eye  over  these  pages  that 
it  was  by  no  means  by  malice  prepense,  but  by  pure  accident, 
that  by  dint  of  starvation  he  gained  a  little  more  knowledge 

about  the  state  of  the  heart  of  some  of  his  little  captive 
newts. 

the  fact  is,  that  two  or  three  young  individuals  had  once 
unwittingly  been  left  behind  in  a  small  jar  containing  some  of 
the  writer  s  favourite  nitelJa,  whilst  their  more  fortunate  com¬ 
panions  had  been  transferred  to  a  tank  where  their  wants 
were  sufficiently  attended  to.  But  a  bright  beam  of  sunshine 
penetrating  one  day,  about  a  month  afterwards,  into  the  small 
jar  aforesaid,  revealed  the  existence  of  certain  awkward- 
looking,  smad,  yet  proportionately  big-headed  and  emaciated 
young  newts  whom  he  recognized  as  some  of  his  little  bant¬ 
lings,  and  presently  conveyed  tenderly  to  a  small  glass 
tiough  ,  where,  not  only  was  there  plenty  of  infusorial  and 
minute  crustacean  prey,  but  where,  after  the  pangs  of  hunger 
had  been  appeased,  he  was  enabled  to  perceive,  through  their 
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lately  long  fasting,  and  consequently,  as  it  proved,  liiglily 
transparent  bodies,  their  little  hearts  beating  merrily  under 
the  combined  influences  of  a  return  to  contentment  and  good 
cheer. 

When  lying  in  a  somewhat  more  favourable  position  than 
usual  in  the  glass  trough,  both  the  contraction,  and  in  turn  the 
dilatation  (the  systolic  and  diastolic  action),  of  the  heart  was 
plainly  and  beautifully  apparent. 

As  taught  by  some  of  the  older,  but  yet  eminent  ana¬ 
tomists,  as  Boerhave,  Haller,  etc.,  the  heart  of  the  newt, 
like  that  of  the  generality  of  amphibials,  seemed  decidedly  to 
the  writer  of  this  article  to  be  unilocular,  or  furnished  only 
with  a  single  ventricle  and  a  single  auricle.  Their  blood  is 
cold,  though  red ;  and  they  possess  the  faculty  of  suspending 
respiration  at  pleasure  to  a  considerable  extent ;  and  along* 
with  that,  a  happy  capability  (as  we  have  just  seen)  of 
enduring  a  degree  of  abstinence  which  would  certainly  prove 
fatal  among  the  higher  classes  of  animal  life. 

Speaking,  however,  of  the  structure  of  the  heart  in  am- 
phibial  reptiles,  such  as  the  Triton,  Siren,  Testudo  (turtle  and 
tortoise),  etc.,  considerable  variety  and  modification  is  held  to 
exist.  The  most  perfect,  perhaps,  of  the  amphibials  is  the 
tortoise  ;  yet  Linnaeus,  and  many  of  the  older  Trench  writers 
also,  assert  that  the  tortoise  has  three  ventricles  instead  of 
one,  whilst  later  anatomists  sav  that  the  heart  of  most  of  the 
amphibia  is  furnished  with  two  ventricles  ;  possessing,  how¬ 
ever,  free  intercommunication  one  with  the  other. 

The  siren,  be  it  observed,  is  furnished  at  all  times  with 
both  lungs  and  gills  ;  and  hence  it  may  well  be  supposed  that 
its  circulatory  system  is  somewhat  complex.  The  newt,  frog, 
and  toad,  moreover,  whilst  in  their  tadpole  state,  possess  in 
their  branchial  tubes  organs  analogous  to  external  lungs ;  but 
as  these  tubes  cease  to  grow,  and  in  process  of  time  are 
absorbed  and  disappear  as  the  animals  arrive  at  a  more  matured 
stage  of  existence ;  so  it  must  be  presumed  that  their  circu¬ 
latory  organs  generally  undergo  considerable  modifications 
suitable  to  the  varying  conditions  of  their  amphibious  state. 

If,  lastly,  some  of  the  Nitella  translueens  above  alluded  to 
be  substituted  instead  of  any  of  the  more  opaque-leaved 
aquatic  plants,  and  the  newt  be  allowed  to  deposit  her  ova 
amongst  its  delicate  and  transparent  fronds,  the  student  ma.y 
soon  enjoy  the  satisfaction  of  beholding,  without  any  further 
preparation,  the  most  striking  and  beautiful  instances  of  both 
animal  and  vegetable  circulation  that  can  well  be  met  with, 
going  on  at  one  and  the  same  time. 

But  in  connection  with  the  circulation  of  nitella,,  including 
also  the  highly  remarkable  phenomena  of  spontaneous  movements 
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exhibited  in  the  process  of  its  fertilization  and  fructification, 
so  many  beautiful  and  singular  facts  stand  forth  that  it  may 
well  be  worth  while  to  make  them  the  subject  of  a  separate 
paper. 

But,  meanwhile,  the  wonderful  adaptation  of  means  towards 
their  ends,  and  the  free  and  varying  employment  of  the  ele¬ 
ments  of  nature,  as  exhibited  in  the  development  of  the 
pretty  and  perfectly  harmless  little  amphibian  which  has  now 
been  treated  of,  afford  an  admirable  instance  of  the  wisdom 
and  power  of  that  Almighty  Being,  who,  from  the  highest  to 
the  lowest  realms  of  creation,  shows  that  his  care  and  “  mercy 
are  over  all  his  works.' 33 
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Ween  the  late  disastrous  gale  of  the  11th  of  January  was  at 
its  height,  in  which  the  ill-fated  “  London”  steamer  foundered, 
aud  nearly  all  on  board  were  lost,  marine  barometers  at  Brest 
descended  considerably  below  twenty-eight  inches  !  A  wheel 
barometer  at  Jersey  went  down  so  low  as  to  reverse  itself,  and 
the  index  began  to  read  a  few  degrees  upon  the  opposite  side 
of  its  scale.  This  was,  however,  a  very  exceptional  case.  The 
use  of  standard  barometers  makes  it  possible  to  trace  with 
“Certainty  the  occurrence  of  much  more  frequent  commotions  of 
the.  atmosphere,  that  require  the  whole  extent  of  Europe  for 
their  arena,  and  how  much  more  of  the  surface  of  the  Atlantic 
Ocean,  for  their  production,  is  not  at  present  known. 

To  trace  their  course  upon  a  map,  the  pressure  of  the 
•atmosphere  must  be  laid  down,  together  with  the  force  and 
‘direction  of  the  wind,  at  the  same  moment,  at  a  number  of 
widely-scattered  places.  "When  this  is  done,  the  pressure  of 
the  atmosphere,  unlike  the  force  and  direction  of  the  wind, 
appears  to  be  so  regular,  and  so  free  from  sudden  jumps  and 
starts,  that  level  lines  for  every  fifth,  of  an  inch  of  variation 
can  be  drawn  o\er  many  hundreds  of  thousands  of  square 
miles  oi  sea  and  land,  as  certainly  as  if  observatories  existed  at 
every  point  to  verify  their  course,  instead  of  only  at  about 
JLjLJi °3'  ^  sixty  places  scattered  over  the  map.  The  observations 
at  seventeen  places  on  the  British  coasts  are  thus  daily  printed 
in  the  Board  of  Trade  Reports.  The  daily  mean  of  these 
being  taken,  and  shown  in  the  following  figure  by  a  curve, 
exhibits  the  average  height  of  the  barometer  over  the  whole 
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area  of  the  British.  Isles,  from  the  beginning  of  November  to 
the  end  of  December,  1865  : — 
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Curve  of  the  Mean  Pressure  of  the  Air  in  the  British  Isles,  for  the  months  of 

November  and  December,  1865. 

From  the  22nd  of  November  to  the  15th  of  December,  the 
pressure  increased  from  the  remarkably  low  average  of 
28*829  inches  to  the  unusually  high  average  of  30*718  inches, 
being  a  difference  of  nearly  a  fifteenth  part  of  its  ordinary 
amount,  or  one  pound  on  every  square  inch  of  the  whole  surface 
of  these  isles,  by  which  the  quantity  of  atmosphere  in  this 
country  underwent  an  increase  in  the  short  space  of  about 
three  weeks.  Other  places  must,  in  the  same  time,  have 
suffered  a  corresponding  decrease,  and  this  leads  us  to  consider 
more  generally  the  distribution  of  the  aerial  ocean  upon  the 
Continent,  during  the. months  of  November  and  December. 

Beginning  with  the  south,  the  atmosperic  pressure  in  the 
Mediterranean  remained  very  nearly  constant,  about  the  mean, 
throughout  both  months.  All  the  great  oscillations  of  the 
barometer  took  place  north  of  the  water-shed  of  Europe,  that 
begins  at  Cape  Finistere,  and  running  through  the  Pyrenees 
and  Alps  eastwards  and  northwards,  comes  to  an  end  in  the 
Carpathian  mountains. 

The  month  of  November  set  in  with  high  barometers  in 
England,  occasioned,  apparently,  by  a  depression  in  France, 
and  by  a  still  deeper  depression  in  Russia,  travelling  from 
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[Finland  on  the  9tli,  to  the  Black  Sea  on  the  13th  of  November. 
An  elevation,  like  the  crest  of  a  wave  running  S.W.  and  N.E., 
then  traversed  Europe  south-eastwards,  from  Hamburgh  to 
the  Alps,  and  distributed  itself  finally  over  the  Mediterranean 
on  the  17th  of  November.  This  was  the  “  November  Wave/’ 
As  soon  as  it  had  passed  a  low  state  of  the  barometer 
began  on  the  same  date  in  the  North  Sea,  and  continued 
increasing  till  the  21st,  when  the  pressure  fell  below  twenty- 
nine  inches  in  North  Britain,  a  very  notable  depression,  and 
so  remained  until  the  24th.  On  the  22nd,  the  average  height 
of  the  barometer  in  these  isles  was  28*829  inches;  and  a  heavy 
south-west  gale  blew  with  fury  on  all  the  north  and  west 
coasts  of  Europe.  The  area  of  this  remarkable  depression 
showed  no  signs  of  changing  its  position  for  four  successive 
days,  but  at  last  it  divided  itself  into  three  portions  :  one  part 
descended  upon  the  Channel,  with  hurricane  violence,  on  the 
25th,  inflicting,  even  upon  the  French  coasts  in  the  Mediter¬ 
ranean,  severe  gales  from  the  east  of  south ;  another  part 
ascended  to  Norway  on  the  26th  ;  and  a  residue,  probably  of 
the  same  storm,  crossed  over  England  into  Holland  on  the 
28th.  The  disturbance  then  ceased  with  the  end  of  the 
month,  and  December  opened  so  tranquilly,  that  barometers 
on  the  1st  did  not  differ  a  fifth  of  an  inch  from  mean  pressure 
in  any  part  of  Europe  !  The  great  depression  appears  to  have 
supplied  itself  by  easterly  gales  from  the  high  wave,  called 
the  “  Great  November  "W  ave/;  whose  crest  had  already  passed 
over  Europe,  and  had  previously  diffused  itself  over  the  Medi¬ 
terranean  ;  and  in  this  manner  the  equilibrium  was  finally 
restored. 

4 he  calm  was  soon  destined  to  be  broken  by  a  storm 
arriving  from  the  Atlantic,  which  burst  suddenly  over  the 
English  Channel  on  the  4th  of  December ;  barometers  at  Bfest 
fell  lapidly  as  low  as  2b *66  inches,  and  the  whole  north  and 
west  coasts  of  Europe,  as  before,  experienced  a  depression. 

4  he  magazines  of  the  winds  appear,  however,  to  have  expended, 
themselves  in  this  effort,  and  the  wind-bags  in  the  Atlantic 
required  replenishing,  in  order  to  renew  their  strength. 
Barometers  began  to  rise,  and  at  Biga  they  attained  the 
enormous  height  of  30*92  inches  on  the  7th.  fSuch  an  extra¬ 
ordinary  elevation  was  only  local,  but  it  spread;  and  at  the- 
same  time  travelling  southward  to  the  Alps  on  the  9th,  and 
westward  to  the  English  Channel  on  the  11th,  the  enormous 
inflation  withdrew  itself  gradually  across  the  western  coast 
into  the  Atlantic.  Pressure  in  this  country,  on  the  mornino* 
of  the  15th  of  December,  reached  30*713  inches;  whilst  at 
Kiga  the  barometer  already  stood  at  29*08  inches,  being  an 
extraordinary  fall,  at  that  place,  of  nearly  two  inches  in  eio-ht 
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days.  Immediately  after  tlie  propagation  of  tlie  high  wave 
from  Risra,  two  barometric  depressions  crossed  the  Gulf  of 
Bothnia,  the  first  to  Moscow,  the  second  to  St.  Petersburg!! 
and  Riga,  where  the  latter  in  a  few  days  disappeared. 
Barometers  all  over  Europe  continued  high  from  the  17th 
until  the  28th.  Fresh  storms  then  invaded  the  Continent 
from  the  direction  of  the  Atlantic,  and  the  year  was  brought 
to  a  close  by  weather  so  tempestuous,  on  the  British  coasts, 
that  in  the  Chanuel,  in  Christmas  week  even  the  Dover  and 
Calais  packets  refused  to  ply. 

Some  descriptions  of  the  sudden  and  dangerous  character 
of  the  winds  in  these  storms,  whiclTTollow,  have  been  taken 
from  the  reports  of  captains  in  the  daily  papers.  About  8000' 
foreign  and  coasting  vessels  come  and  go  weekly  in  our  ports, 
out  of  which  it  appears  that,  during  the  week  ending  November 
the  25th,  1865,  the  total  number  wrecked  was  86,  or  fully 
one  per  cent.  The  number  of  wrecks  in  the  same  stormy 
week  was  little  short  of  100  per  cent,  above  the  average  of 
previous  weeks  in  1865.  Although  one  steamer  from  Wey¬ 
mouth  ventured  the  passage,  and  reached  Jersey  in  safety,  no 
mails  could  be  received  from  England,  in  the  Channel  Islands, 
from  the  21st  to  the  25th  of  November. 

A  brig  laden  with  sugar  from  the  Mauritius,  touching  on 
her  voyage  at  the  Scilly  Islands,  to  take  up  a  pilot  to  guide 
the  vessel  into  Bristol,  remained  at  anchor  in  St.  Mary’s  Roads 
from  the  20th  to  the  22nd  of  November.  “  The  weather  in 
the  mean  time  thickened,  until  about  four  o’clock  on  the 
morning  of  the  22nd,  when  the  wind  blew  a  complete  hurri¬ 
cane  from  W.S.W.  With  both  her  anchors  down,  in  the- 
pitchy  darkness  the  vessel  drove  nearer  and  nearer  to  the 
Mare  Ledge  Rocks  on  the  south  shore  of  Tresca  Island. 
Knowing  the  dangerous  position  of  the  vessel,  and  that  she 
would  inevitably  be  thrown  upon  the  rocks,  the  pilot  advised 
that  the  masts  should  be  cut  away.  This  was  done,  and  the 
vessel  did  not  drive  any  more.  At  daylight  it  was  found  that- 
the  brig  was  only  twice  her  own  length  from  the  rocks,”  from 
going  upon  which  no  human  effort  could  have  saved  her,  except 
only  this  last,  and  desperate  resource. 

The  Wolf  rock  is  a  dangerous  and  solitary  rock,  rearing  its 
crest  above  the  sea,  between  the  Scilly  Islands  and  Land’s 
End.  On  the  morning  of  the  25th  of  November  a  large 
merchant-vessel,  homeward  bound  from  Calcutta,  arrived 
within  twenty  miles  of  this  much  dreaded  rock.  The  gale, 
which  that  morning  blew  in  the  Channel,  continuing  to  in¬ 
crease  till  noon, — “  the  sails,  close  reefed,  were  blown  away 
from  their  fastenings,  and  the  sea  made  a  clean  breach  over 
the  vessel,  when  at  two  o’clock  in  the  afternoon  a  beacon. 
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and  breakers  were  suddenly  seen  to  leeward.  Sails  were  of 
no  avail,  as  these  were  immediately  blown  to  pieces,  and 
nothing  remained  but,  for  the  preservation  of  all,  to  cut 
away  the  mizenmast.  The  vessel  canted,  and  providentially 
swung  round  the  Wolf  rock,  then  being  about  ten  yards  off.-” 

Upon  this  exposed  rock  a  lighthouse  is  now  being  built,  as 
far  as  four  courses  of  granite  can  raise  it,  which  is  only  just 
above  the  natural  hollow  of  the  rock.  Thirty-two  stones  of 
the  fifth  course  were  laid,  secured  in  their  places  by  cement  as 
hard  as  iron,  every  stone  joggled  and  dovetailed  to  its  neigh¬ 
bours  laterally  and  vertically,  and  bolted  to  the  course  below 
by  powerful  metal  bars.  This  course,  offering  little  opposition 
to  the  sea,  was  swept  away ;  the  metal  bars  remaining,  some 
very  much  bent,  others  nearly  upright;  showing'  very  clearly 
the  nature  of  the  watery  upheaval  by  which  the  three-ton 
stones  were  torn  from  their  bed. 

At  Penzance,  on  the  same  morning,  the  wind  appeared  to 
have  subsided,  but  at  noon  the  storm  burst  over  MounPs  Bay 
with  a  fury  that  in  half  an  hour  surpassed  anything  that  had 
occurred  in  that  locality  for  three  quarters  of  a  century.  The 
spray  of  the  sea  was  driven  up  the  valleys  a  good  half  mile 
inland.  The  Newlyn  Road  is  separated  from  the  beach  by  a 
wall  seven  or  eight  feet  in  height,  and  over  this  wall  hundreds 
and  thousands  of  tons  of  shingle,  composed  of  stones  ranging* 
up  to  thirty  and  forty  pounds  in  weight,  and  even  more,  were 
hurled,  and  the  road  at  some  points  was  buried  two  feet  deep 
under  a  stratum  that  rendered  it,  throughout  its  whole  length, 
undistinguishable  from  the  beach  below.  An  inundation  of 
the  sea  occurred  at  Helston,  in  MounPs  Bay,  and  what  was 
before  a  verdant  valley  became  after  the  gale  a  sheet  of  turbid 
water.  Window-panes  in  Penzance  were  blown  in  without 
injuring  the  frames.  The  streets  were  paved  with  slates  ;  and 
the  inhabitants  were  in  a  state  of  absolute  terror.  In  the 
midst  of  the  general  alarm,  the  “  Little  W estern  ”  Scilly 
packet-steamer  most  unexpectedly  appeared  in  view,  and  might 
almost  be  said  to  fly  over  the  water  towards  the  pier.  When 
not  a  mile  from  safety  two  colossal  waves  rolling  in,  one  after 
another  threatened  to  overwhelm  her.  On  the  second  she  was 
borne  safety  into  the  harbour,  almost  grazing  the  pier,  and 
escaping  destruction  by  a  haiffs-breadth.  The  prospects  at 
starting  from  the  Scilly  Islands  were  so  fair,  that  the  warning- 
given  by  the  barometer  was  disregarded,  and  its  extraordinarily 
low  state  was  attributed  to  a  broken  glass  ! 

The  gale  ox  the  22nd  of  November,  it  has  already  been 
mentioned,  was  a  C(  south-wester  ”  upon  all  the  western  coasts 
of  Europe,  the  wind  began  to  rise,  in  London,  about  9  a.m., 
and  reached  its  greatest  force  (27  lbs.  on  the  square  foot)  in 
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the  forenoon,  between  ten  and  eleven  o’clock.  At  Redruth, 
near  the  Land’s  End,  the  storm  blew  on  Tuesday  night,  and 
Wednesday  morning,  the  22nd,  passing  away  about  11  a.m. 
It  commenced  at  Cardiff  about  7  a.m.,  blowing  with  such  force 
that  the  spray  of  the  sea  was  thrown  up  thirty  feet.  At 
Bideford  Bay,  and  at  Portsmouth,  the  gale  commenced  at  a 
very  early  hour,  sheets  of  water  breaking  over  the  ramparts 
at  Portsmouth  throughout  the  morning.  At  places  more 
towards  the  north  the  gale  set  in  later  in  the  day.  It  reached  its 
maximum  at  Lynn,  on  the  Wash,  about  three  o’clock  in  the 
afternoon  of  the  22nd. 

Again,  in  the  Channel  the  morning  of  the  following  day 
was  calm,  but  in  the  evening,  at  10  p.m.,  the  wind  began  to 
rise  at  Plymouth,  and  continued  to  increase  till  midnight, 
blowing  a  terrific  gale  on  the  morning  of  the  24th.  The 
greatest  force  of  this  gale  at  Whitby,  in  Yorkshire,  was  not 
felt  until  7*30  p.m.  on  the  evening  of  that  day. 

Another  lull  in  the  Channel  occurred  at  nightfall  until 
morning;  and  towards  noon  of  the  25th  the  third  tempest  of 
the  series  broke  over  the  western  ports,  at  first  S.E.,  but  at  its 
height  a  complete  hurricane  from  southward,  with  a  sea  and 
surf  much  heavier  than  in  the  two  preceding  gales.  By  sunset 
the  wind  moderated,  making  its  way  round  to  E  .W.  (as  in  the 
two  previous  storms),  and  going  down  to  light  airs  from  that 
quarter  shortly  after  midnight.  With  the  exception  of  further 
severe  weather  on  the  26th  and  28th,  the  Channel  then  re¬ 
mained  for  a  while  in  a  comparatively  tranquil  state. 

On  the  night  of  the  3rd  and  morning  of  the  4th  of  Decem¬ 
ber,  a.  fresh  storm  approached  the  southern  coasts.  It  w'as 
apparently  cyclonic,  arriving,  like  the  rest,  from  the  Atlantic, 
and  emanating,  it  is  reasonable  to  suppose,  from  the  super¬ 
heated  region  of  the  Gulf  Stream,  somewhere  between  Iceland 
and  the  Azores.  A  vessel  crossing  the  Channel  from  Havre 
on  the  night  of  the  3rd  of  December,  with  the  wind  S.E.  and 
the  barometer  at  28*50  inches,  shipped  a  sea  on  her  quarter, 
that  broke  the  steering  wheel  to  pieces  and  carried  away  the 
binnacle.  On  the  morning  of  the  4th,  with  a  heavy  cross  sea, 
and  the  barometer  still  at  28*50  inches,  the  wind  shifted  from 
S.E.  to  N.W.  At  noon  the  foremast  broke,  twelve  feet  from 
the  deck,  and  by  its  weight  in  falling  crushed  the  lifeboat. 

Although  star  tin  e*  from  the  Havre  with  the  wind  in  a  fair 
0.0 

quarter,  owing  to  the  sudden  change  in  its  direction  the  vessel 
took  three  days  to  make  the  Lizard,  only  arriving  on  the  5th. 

Another  vessel  in  the  same  storm  met  a  greater  mishap, 
apparently  from  a  more  trivial  cause.  Soon  after  midnight,  on 
the  momma*  of  the  4th  of  December,  with  the  wind  from  E. 
by  S.,  a  strong  gale  and  a  heavy  sea,  a  schooner,  coal-laden. 
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arrived  from  Neath  in  the  neighbourhood  of  the  Seven  Stones, 
a  dangerous  ledge  of  rocks  belonging  to  the  Scilly  group  : — - 
“  Something  being  perceived  in  the  water  ahead,  sail  was  made 
to  keep  clear  of  it ;  but  the  ship  was  unable  to  do  so,  and  struck 
upon  a  wreck,  or  portions  of  a  former  wreck.  In  less  than 
five  minutes  the  vessel  was  filled  with  water.  Pushing  off  in 
the  boats,  the  crew  had  scarcely  got  twenty  yards  from  the 
schooner  when  she  foundered  stern  foremost,  and  disappeared 
in  less  than  ten  minutes  from  the  time  of  striking.” 

Navigation  in  our  intricate  channels  is  rendered  so  perilous 
in  heavy  weather,  that  a  wide  berth  requires  to  be  given  to  the 
passage  of  these  destructive  gales,  which  a  falling  state  of 
the  barometer  always  certainly  predicts. 

A  remarkable  verification  was  given  by  the  two  gales  at 
the  latter  end  of  November  and  beginning  of  December  last, 
to  the  writing-  on  barometers — 

“  Long  foretold,  long  last ; 

Short  notice,  soon  past.” 


STAR  MAPS.* 

Those  who  are  acquainted  with  the  principles  of  map  making 
will  understand  the  nature  of  the  star  maps  which  Mr.  Proctor, 
the  author  of  Saturn  and  its  System ,  has  recently  pro¬ 
duced,  when  we  say  that  they  are  on  the  gnomonic  projection, 
in  twelve  divisions,  corresponding  with  the  sides  of  a  dode¬ 
cahedron  circumscribing  a  sphere.  Such  a  technical  state¬ 
ment  will,  however,  convey  no  information  to  the  majority  of 
persons,  as  rudimentary  scientific  information  on  such  subjects 
is  rarely  communicated  in  schools,  and  only  a  few  take  the 
pains  to  acquire  it  by  private  study  after  their  tutors  and 
masters  have  turned  them  out  in  sufficient  ignorance  upon  the 
world.  If  we  want  a  delineation  of  the  earth,  or  any  other 
globe,  upon  flat  surfaces,  it  is  evident  that  some  principle  of 
accommodation  must  be  adopted,  as  a  fiat  surface  cannot  be  an 
exact  representation  of  another  surface,  which  is  rounded  so 
as  to  form  a  portion  of  a  sphere.  A  transposition  of  the 
appearances  on  a  rounded  surface,  to  their  equivalent  repre¬ 
sentatives  on  a  flat  surface,  must  evidently  be  made  in  accord¬ 
ance  with  geometrical  principles,  or  there  could  be  no  assurance 
of  its  accuracy.  The  simplest  way  of  arriving  at  an  idea  of 

The  Stars,  in  Twelve  2£aps,  on  the  Gnomonic  Projection ,  collected  in  dupli¬ 
cate  in  Four  Plates.  By  Richard  A.  Proctor,  B.A.,  author  of  “  Saturn  and  its  Sys¬ 
tem,  late  Scholar  of  St.  John’s  College,  Cambridge,  and  King’s  College,  London. 
Longmans. 
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the  kind  of  accommodation  that  has  to  be  made  is  to  bold  a 
sheet  of  glass  horizontally  over  a  globe  representing  the  earth 
or  the  heavens,  let  the  centre  of  the  glass  touch  the  globe, 
and  then  draw  ink  lines  corresponding  with  the  outlines  of  an 
island,  a  continent,  or  a  constellation,  as  the  case  may  be,  as 
seen  through  the  glass.  It  will  be  found  that  if  the  glass 
touches  any  portion  of  the  equatorial  circle  on  the  globe,  that 
a  straight  line  drawn  on  the  glass  will  represent  the  curved 
line  of  such  portion  of  the  equatorial  circle  as  can  be  seen 
through  it,  and  another  straight  line  at  right  angles  to  the 
equatorial  line  will  represent  as  much  as  can  be  seen  of  a  given 
meridian.  If  a  globe  is  not  at  hand,  some  markings  like  con¬ 
tinents  or  constellations  may  be  cut  with  a  penknife  on  an 
orange,  so  that  the  white  pith,  seen  when  the  outer  skin  is 
removed,  gives  the  outlines  required,  and  they  can  be  easily 
traced  on  a  piece  of  glass  held  as  directed. 

To  understand  the  sort  of  distortion  inseparable  from  such  a 
plan,  press  a  sixpence  on  to  an  orange,  draw  a  sharp  penknife 
round  it,  and  remove  a  circular  patch  of  the  outer  skin.  If  the 
piece  of  glass  is  held  directly  over  the  centre  of  the  round  hole 
thus  made,  the  tracing  will  correspond  with  it  in  form.  Then, 
keeping  the  glass  still,  rotate  the  orange  so  that  the  round 
hole  nearly  disappears.  If  it  is  again  traced  in  this  position, 
the  picture  obtained,  instead  of  being  circular,  will  be  an 
ellipse,  in  which  the  long  diameter  will  far  exceed  the  shorter 
one.  By  cutting  out  square,  oblong,  and  triangular  pieces  of 
skin  from  the  orange,  and  pursuing  the  same  plans  with  them, 
the  effects  of  distortion  on  different  kinds  of  figures,  as  seen 
in  different  positions  of  perspective,  may  be  observed.  Any 
body  can  get  an  orange  and  a  piece  of  glass.  It  is  easy  to 
make  a  set  of  experiments  of  this  sort,  and  they  would  form  a 
pleasant  evening’s  amusement  for  an  intelligent  family. 

To  carry  familiar  expositions  of  projections  of  the  sphere 
a  little  further,  we  may  have  recourse  to  a  gas  burner  with  a 
globular  shade  or  a  moderator  lamp.  Wafers,  or  little  pieces 
of  opaque  paper  may  be  stuck  on  to  the  globular  glass,  and 
when  the  lamp  is  kindled,  it  will  throw  shadows  corresponding 
with  each  one.  Pieces  of  the  same  shape  and  size,  circles, 
triangles,  or  squares,  should  be  placed  on  different  parts  of  the 
glass,  some  near  its  equator,  and  others  in  what  we  may  call 
different  latitudes.  If  a  sheet  of  white  paper  is  then  held  in 
different  positions,  the  shadows  thrown  on  it  will  correspond 
with,  or  differ  from,  the  real  shapes  of  the  objects  producing 
them,  according  to  principles  which  will  be  apprehended,  if  the 
orange  experiments  have  been  previously  performed  and  well 
observed. 

The  orange  may  be  resorted  to  again  in  another  way.  In- 
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stead  of  holding  a  piece  of  flat  glass  over  it,  let  it  be  held 
opposite  a  looking-glass,  and  rolled  so  that  the  reflection  of  a 
round  holo  passes  through  the  changes  from  its  true  shape  to 
the  slender  ellipse  and  line,  in  which  it  is  finally  visible.  The 
effect  of  foreshortening  one  diameter  as  the  circle  ceases  to 
face  the  looking-glass  is  very  striking,  and  may  be  advan¬ 
tageously  compared  with  the  apparent  foreshortening  of  a  line 
of  equal  diameter  cut  in  the  orang’e,  in  the  same  direction  as 
that  particular  diameter,  and  a  little  further  off.  The  eye  will 
will  be  found  far  more  sensitive  to  the  foreshortening  of  the 
circle  than  to  that  of  the  straight  line. 

If  the  stars  were  all  laid  down  on  a  glass  globe,  as  we  see 
them  in  our  hemisphere  when  we  lie  down  on  our  backs,  and, 
looking  upwards,  perceive  the  heavens  as  a  great  hemispherical 
vault,  such  a  globe  would  exactly  represent  our  skies  with 
their  stellar  lights,  if  we  could  get  inside  it,  and  look  upwards 
from  its  centre  at  the  star  effigies.  Let  anyone  imagine  him¬ 
self  in  the  centre  of  such  a  glass  globe,  and  looking  through 
it  at  six  sheets  of  white  paper,  each  touching  it  at  one  point, 
and  the  whole  forming  a  cube ,  holding  or  circumscribing  the 
sphere.  Each  star  image,  if  opaque,  would  just  prevent  our 
seeing  one  spot  on  one  of  the  sheets  of  paper,  and  if  anyone 
made  a  dot  at  that  part  of  the  paper,  and  this  process  were  con¬ 
tinued  until  there  was  a  dot  for  each  %tar,  we  should  then  in 
technical  language  have  obtained  a  projection  of  Hie  sphere  on 
the  sides  of  a  circumscribing  cube. 

If  a  glass  globe,  with  stars  laid  down  upon  it  in  opaque 
dots  had  a  lamp  suspended  in  its  centre,  and  it  was  hung  up 
and  surrounded  by  six  sheets  of  transparent  paper,  each  one 
touching  it,  and  the  whole  forming  a  cube,  the  shadows 
thrown  on  the  paper  would  map  out  the  stars  as  well  as  they 
could  be  depicted  upon  such  a  principle. 

Apart  from  geometrical  or  mathematical  technicalities,  it 
will  be  evident  that  just  in  proportion  as  a  cube  differs  from  a 
sphere,  so  will  the  attempt  to  represent  the  surface  of  the  one 
or  the  surface  of  the  other  be  defective ;  and  it  will  be  most 
defective  at  the  corners  oj'  the  cube  where  the  difference  between 
the  cubical  and  circular  form  is  most  complete. 

Now  the  curved  line  of  a  circle  would  be  most  nearly  repre¬ 
sented  by  an  infinite  number  of  straight  lines,  so  arranged  as 
to  coincide  as  closely  as  possible  with  the  bend  of  the  circle. 
So  a  figure  with  an  infinite  number  of  sides  might  be  made  very 
nearly  to  coincide  with  a  sphere.  The  simplest  flat-sided 
figure  that  can  enclose  a  sphere  is  a  pyramid,  and  the  simplest 
-figure,  which  has  its  sides  and  angles  egual ,  and  is  capable  of  so 
doing,  is  a  cube;  and  if it  is  desired  to  avoid  the  distortion  oc¬ 
casioned  by  projecting  a  sphere  upon  the  six  sides  of  a  cube. 
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and  still  to  have  a  projection  upon  the  same  principle.,  another 
figure  must  be  chosen  which  has  more  sides  than  a  cube,  and 
which  thus  deviates  less  form  a  sphere.  A  figure  of  a  great 
number  of  sides  would  be  inconvenient,  because  each  side  must 
be  embodied  in  one  map,  and  a  great  multiplicity  of  maps 
would  be  gained  at  the  expense'  of  cutting  the  constellations 
into  pieces,  and  presenting  too  little  for  recognition  at  one 
view.  The  Useful  Knowledge  Society^  maps,  designed  by 
Sir  J.  Lubbock  have  the  cube  as  their  basis.  Mr.  Proctor 
takes  the  dodecahedron,  and  thus  requires  twmlve  maps  for  a 
complete  sphere — six  for  the  northern,  and  six  for  the  southern 
half.  By  this  plan  he  lessens  the  maximum  distortion  just  in 
the  proportion  that  a  dodecahedron  is  nearer  than  a  cube  to  a 
sphere.  If  maps  upon  this  arrangement  were  drawn  on  a  largo 
scale  the  eye  could  not  take  in  enough  at  the  same  time,  but, 
by  adopting  a  small  scale  he  is  able  to  get  six  maps  side  by 
side  in  one  plate  a  foot  square.  Thus  each  plate  comprises  a 
hemisphere,  and  the  eye  passes  readily  from  the  edge  of  one- 
of  his  pentagonal  maps  to  the  edge  of  the  next  one  in  which 
the  delineation  is  continued.  Each  plate  has  the  convenience 
of  a  planisphere  without  its  distortion  •  and  this  will  be  found  a 
great  help  to  those  who  require  star  maps  to  assist  in  recog¬ 
nizing  or  finding  celestial  objects,  either  by  going  from  the 
sky  to  the  map,  or  from  the  map  to  the  sky.  The  small  size 
of  these  maps  gives  tlie  advantage  of  compactness  which  is 
desirable,  but  it  necessitates  minute  engraving,  and  hence 
3nany  students  will  find  it  handy  to  use  a  hand  glass  to  assist 
them  in  making  out  the  details. 

The  first  appearance  of  a  series  of  pentagonal  maps  conveys 
a  curious  impression,  but  such  an  arrangement  is  both  elegant 
and  convenient  for  use.  The  plan  of  the  plates  well  be  under¬ 
stood  by  imitating  a  diagram  given  by  Mr.  Proctor  in  a  well- 
written  explanatory  preface.  This  may  be  done  by  drawing  a 
pentagon  with  five  equal  sides,  say  2|  inches  each,  and  then 
from  each  face  of  this  pentagon  as  a  base,  drawing  five  equal 
and  similar  pentagons.  Each  one  of  the  composite  figures 
thus  obtained  would  represent  one  of  Mr.  ProctoEs  plates,  and 
if  two  such  figures  were  cut  out  of  cardboard,  they  could  be 
folded  and  joined  together  so  as  to  form  a  dodecahedron.  Mr. 
Proctor  states  that  “  all  the  stars  in  the  catalogue  of  the  Astro¬ 
nomical  Society,  down  to  the  fifth  magnitude  inclusive,  ' are 
laid  down  in  these  maps.  The  right  ascensions  and  declinations 
of  these  stars,  about  1,500  in  number,  have  been  calculated 
from  the  values  and  variations  given  in  that  catalogue.  Many 
nebulas  and  stars  of  the  sixth  magnitude  have  been  added,  and 
also  many  stars  of  the  fifth  magnitude  not  included  in  the 
catalogue.-”  He  adds,  “  variable  stars  are  marked  var.. 
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double,  triple,  or  multiple  stars,  doub.,  trip.,  and  mult., 
respectively. 

In  addition  to  the  two  coloured  plates,  in  which  the  stars 
are  arranged  in  constellations,  and  parallels  of  declination  and 
right  ascension  given,  there  are  two  “  stereo-plates/’  in  which 
the  stars  are  laid  down  in  white  on  a  black  ground.  These 
will  be  found  much  handier  for  comparison  with  the  heavens 
than  the  first  named  maps,  and  it  is  very  easy  when  any  star 
has  been  identified  in  a  stereo-map  to  find  its  name  by  refer¬ 
ence  to  a  corresponding*  pentagon  in  the  coloured  maps.  As 
a  further  convenience,  Mr.  Proctor  has  added  to  his  pentagons 
triangular  wings,  in  which  the  stars  though  laid  down  in 
greater  distortion  answer  the  purpose  of  enabling  constellations 
at  the  corners  of  his  maps  to  be  more  complete.  Stars  given 
in  any  one  of  these  wings  will  be  found  repeated  in  the 
adjacent  pentagon  to  which  they  belong,  according  to  the 
principle  of  the  projection. 

Presuming  that  Mr.  Proctor  has  carried  out  his  details 
with  the  accuracy  that  may  be  reasonably  expected  from  the 
painstaking  author  of  Saturn  and  its  System,  we  strongly 
recommend  them  to  telescopists  as  the  most  generally  useful 
series  that  have  appeared.  They  are  beautifully  engraved, 
and  the  explanatory  preface  will  supply  much  useful  informa¬ 
tion  as  to  the  nature  of  gnomonic  projections  of  the  sphere. 

Before  leaving  the  subject  of  star  maps  we  must '  express 
our  regret  that  the  excellent  series  drawn  by  Mr.  Herschel  for 
the  British  Association  Shooting  Star  Committee  have  not 
been  regularly  published.  These  maps  were  described  at  some 
length  in  our  December  number  (1865),  and  they  are  for  this 
special  purpose  and  for  certain  other  purposes,  the  best  that 
have  appeared.  They  differ  widely  from  Mr.  Proctor’s,  and  at 
the  inevitable  expense  of  distortion  gives  all  the  stars  visible 
at  one  time,  from  the  zenith  to  within  from  16°  to  25°  of  the 
horizon.  This  is  accomplished  in  twelve  maps  corresponding 
with  the  same  hour  for  twelve  months,  or  with  twelve  suc¬ 
cessive  periods  of  two  hours  each  on  any  given  day.  In  this 
series  the  alignments  are  quite  correct,  which  was  necessary  for 
his  purpose,  and  as  illustrations  of  the  difficulties  of  celestial 
map  making  it  is  curious  to  compare  the  dimensions  occupied 
by  such  a  constellation  as  the  Great  Bear  in  the  positions  most 
and  least  favourable  for  accurate  depiction. 

To  return  to  our  explanation  of  the  principles  of  map  pro¬ 
jection  we  must  call  attention  to  the  'point  of  projection.  In 
the  illustrations  we  have  given  we  have  supposed  the  glass 
globe  to  have  a  lamp  in  its  centre,  and  to  throw  shadows  of 
the  stars  as  projected  from  the  centre  upon  the  sides  of  any 
circumscribing  figure.  It  is,  however,  plain  that  we  might  move 
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the  lamp  higher  or  lower.  It  might  journey  from  the  top  of 
the  sphere,  or  its  north  pole,  to  the  opposite  pole,  or  stay  at 
any  intermediate  point.  Then  at  the  bottom  it  could  throw 
shadows  of  all  stars  from  those  right  above  it,  down  to  those 
only  a  little  above  it  on  a  sufficiently  large  sheet  of  paper 
held  exactly  over  the  top  of  the  globe.  The  distortion  would 
increase  as  the  part  of  the  sheet  of  paper  which  was  able  to 
receive  the  shadows  was  further  removed  from  the  sides  of  the 
globe. 

Those  who  wish  to  understand  the  projections  of  the 
sphere  more  fully  can  consult  Sir  John  HerscheTs  Outlines  of 
Astronomy  ;  Professor  De  Morgan's  Explanation  of  the  Gno - 
monic  Projection  of  the  Sphere,  and  the  Preface  to  Mr.  Proctor’s 
Star  Maps. 


ON  FISH  CULTURE. 

A  VISIT  TO  THE  PRINCIPAL  PISCICULTURAL  ESTABLISHMENTS 
IN  GERMANY,  SWITZERLAND,  AND  PRANCE. 

BY  AN  OLD  BUSHMAN. 

(Continued  from,  page  93.) 

Although  in  Bavaria  and  Wurtemberg  all  fishing  during  the 
spawning  season  is  forbidden,  in  the  canton  of  Zurich,  close 
time  only  extends  from  the  middle  of  April  to  the  end  of 
May,  i.e.,  during  the  spawning  season  of  the  spring  fish.  The 
salmon,  which  spawn  in  autumn,  are  consequently  not  in  the 
least  protected;  and  in  many  of  the  Swiss  cantons  it  appears 
that  there  are  no  lawrs  against  taking  fish  in  the  breeding 
season. 

In  the  canton  of  Aarau  fish-hatching  has  also  begun ;  and 
after  inspecting  a  private  apparatus  at  Thun,  in  the  canton  of 
Berne,  Bystrom  proceeded  to  Geneva  to  see  Dr.  Pictet.  But 
it  appears  that  neither  of  the  two  fish-hatching  establishments, 
which  for  some  time  existed  in  that  city,  are  now  carried  on, 
so  he  proceeded  at  once  to  Nuon,  a  small  town  on  the  banks 
of  the  Lake  of  Geneva,  and  in  the  neighbourhood  of  which 
Professor  Chavannes  has  opened  an  apparatus  for  hatching 
salmon  roe  on  his  estate  at  Pont  Farbel. 

The  apparatus  is  constructed  close  to  his  dwelling-house, 
where  a  spring  from  the  earth,  which  has  a  yearly  temperature 
of  8°  warmth  Celsius,  is  peculiarly  adapted  for  a  contrivance  of 
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this  kind.  Close  to  the  springs  and  under  the  bare  sky,  four 
hatching  apparatus  are  fixed;  of  which  two  stand  on  the 
ground  in  a  row,  and  two  are  placed  directly  over  them.  Each 
box  is  about  fourteen  feet  long  and  one  foot  broad,  and  not,  as 
is  usual,  furnished  with  gratings,  but  are  altogether  closed  at 
both  ends.  The  bottoms  are  covered  with  layers  of  gravel 
one  inch  high,  and  the  water,  an  inch  deep,  circulates  over  the 
gravel,  and  runs  out  through  small  tubes  of  block  tin.  This 
invention  has  the  peculiarity  to  lead  the  stream  of  water  not 
on  the  surface,  but  as  near  the  gravel — and  consequently  as 
near  the  e  ggs — as  possible ;  for  here  they  lay  the  fructified 
eggs  immediately  upon  the  gravel  beds  in  the  boxes. 

Regarding  the  fructifying  of  the  roe,  Professor  Chavannes 
has  made  the  following  observation : — That  the  roe,  which  in 
the  winter  is  fructified  in  cold  water — for  example,  in  4°  warmth 
Celsius — does  not  give  such  good  results  as  that  which  is 
fructified  in  a  temperature  of  8°  warmth.  Consequently,  if  the 
water  in  which  he  operates  becomes  lower  than  8°  warmth,  by 
a  mixture  of  warm  water  he  attains  the  required  temperature. 

Professor  Chavannes  plants  out  the  greatest  number  of  his 
young  fish — principally  lake  trout — in  the  Lake  of  Geneva,  as 
soon  as  the  umbilical  bladder  has  disappeared.  He  receives 
from  the  crown  a  stipend  of  800  francs,  and  the  right  of 
fishing  in  a  small  stream  near  Eranson,  at  the  south  end  of 
Lake  Neufchatel.  Lake  trout  come  up  this  stream  every 
autumn  from  Neufcliat el  to  spawn ;  and  it  is  from  these  fish 
that  the  professor  obtains  the  roe  for  his  apparatus.  Although 
he  yearly  turns  such  a  quantity  of  young  fish  into  the  Lake  of 
Geneva,  that  lake  is  so  large  that  scarcely  any  apparent  results 
can  be  observed.  He  has  even  attempted  to  acclimatize 
salmon  in  this  lake  ;  and  out  of  300  young  salmon  which  were 
turned  out  three  years  ago,  about  thirty  have  been  taken  in 
different  parts  of  the  lake,  the  largest  weighing  about  2  lbs. 
How  the  experiment  of  turning  out  the  true  salmon  into  the 
Lake  of  Geneva  will  answer,  remains  to  be  proved. 

Many  of  the  young  fish  are  even  fattened  in  streams,  and 
for  this  purpose  the  Professor  has  made  a  feeding  canal  below 
the  hatching  boxes,  about  260  feet  long,  two  feet  broad,  and 
eight  inches  deep.  Only  the  sides  of  this  are  boarded;  the  bot¬ 
tom  is  formed  ol  the  ground  itself,  and  is  partly  covered  with 
grass.  rl  his  canal,  which  is  divided  into  three  compartments 
by  gratings,  contains  partly  altogether  cold  water  alter  it  has 
run  through  the  hatching  boxes,  and  partly  brook  water  which 
is  brought  from  a  stream  in  the  neighbourhood.  In  the  first 
compartment,  which  is  covered,  between  100  and  200  young 
salmon,  about  eighteen  months  old,  but  varying  exceedingly  in 
size,  the  largest  being  probably  six  inches  long,  are  preserved. 
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They  are  fed  partly  with  ox  melt  and  liver,  partly  and  prin¬ 
cipally  with  worms  cut  into  pieces.  In  both  the  other  com¬ 
partments  were  to  be  seen  young  trout,  of  one  year  and  half 
a  year’s  age ;  but  only  a  few,  because  the  greatest  part  had 
escaped  by  the  sides,  which  were  not  tight.  Professor  Cha- 
vannes  said,  that  for  the  first  year,  at  least,  the  young  fish 
required  no  other  nourishment  than  they  could  obtain  for 
themselves  in  the  open  and  grass-grown  canal;  for  here  were 
lots  of  small  Crustacea,  which  form  by  far  the  best  and  most 
natural  food  for  the  young  Salmonidce. 

He  now  sought  out  the  establishment  of  Prof.  Dr.  0.  Youga, 
living  in  the  village  of  Cortaillod,  two  hours'’  journey  south  of 
Neufchatel.  This  is  on  a  smaller  scale,  and  formed  in  the 
lower  portion  of  his  house,  which  in  summer  is  used  as  a 
bathing-place  for  invalids,  and  in  winter  for  fish-hatching. 
The  great  lake  trout  come  up  a  stream  which  runs  close  to 
the  doctor’s  house,  from  the  Lake  of  Neufchatel,  every  autumn, 
to  spawn ;  and  it  is  the  roe  of  this  fish  that  he  fructifies  and 
turns  out  into  the  lake.  Formerly  this  river  gave  a  yearly 
return  of  60  to  70  cwt.  of  fish,  but  has  now  dwindled  down  to 
10  cwt.  The  lake  trout  which  are  taken  here  seldom  weigh 
less  than  8  lbs.,  and  often  reach  16  to  20  lbs.  The  Doctor 
receives  a  small  yearly  stipend  from  Government  of  800  francs. 

His  method  of  extracting  and  fructifying  the  roe  was 
original.  As  soon  as  he  fancies  the  roe  is  perfectly  ripe,  a 
servant  takes  the  fish,  and  wrapping  a  linen  cloth  round  it, 
holds  it  under  his  arm ;  he  then  himself  grasps  the  tail  of  the 
fish,  encircled  with  a  linen  cloth,  in  his  right  hand,  and,  hold¬ 
ing  the  fish  in  a  slanting  position  with  his  left  hand,  presses  as 
much  roe  from  it  as  is  ripe.  The  fish  is  then  put  back  again 
into  the  reservoir,  and  after  three  or  four  days  the  operation 
is  repeated ;  but  instead  of  letting  the  roe  fall  direct  into  the 
water,  as  is  usually  done,  he  lets  it  fail  into  a  clean,  dry  vessel, 
and  when  a  sufficient  quantity  is  spread  out  on  the  bottom,  he 
pours  as  much  water  on  to  it  as  will  cover  it.  Pie  then  presses 
out  of  a  male  fish,  which  he  holds  in  the  same  manner,  a  few 
drops  of  milt,  so  that  the  water,  when  stirred  up  by  the  hand, 
shall  be  slightly  coloured.  After  about  a  minute,  he  pours 
away  the  water,  and  replaces  it  with  new  water,  and  the  roe  is 
then  transferred  to  the  hatching-boxes.  This  plan,  which  he 
learned  of  a  Pussian,  has  produced  the  best  results.  Full, 
ripe,  and  well-fructified  roe  has  returned  him  sixty  per  cent,  of 
fresh  young  fish;  whereas,  at  Hiiningen,  they  rarely  reckon  on 
more  than  twenty-five  or  thirty  per  cent.  In  the  first  year  he 
slipped  out  into  the  stream  20,000  ;  and  in  the  second  year 
(1862),  80,000  young  trout.  Pie  turns  them  out  in  March,  as 
soon  as  the  umbilical  vessel  has  disappeared.  He  also  fed  up 
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some  fisli  in  dams,  but  as  the  dams  were  filled  up  with  grass, 
and  too  much  exposed  to  the  sun,  the  fish  died  by  hundreds. 
The  Professor  fancied,  that  for  the  first  year  the  young  fish 
require  no  other  food  than  they  can  take  themselves,  and  that 
1000  young  trout  had  room  enough  in  a  dam  of  thirty  feet 
length,  eight  feet  breadth,  and  one  foot  depth.  In  another 
dam,  not  very  large,  but  eight  feet  deep,  he  had  some  two  and 
three-year  old  trout,  the  latter  weighing  about  1  lb.  He  fed 
these  with  ox  milt,  and  lungs,  and  worms.  In  the  winter  they 
required  little  or  no  food,  and  even  in  the  summer  they  were 
sparingly  fed ;  but  when  they  got  more  meat,  a  lake  trout  of 
two  years  old  would  reach  a  weight  of  1  lb.  He  was  just  about 
forming  a  compost  of  layers  of  ox  blood,  rotten  leaves,  and 
earth,  in  order  to  breed  worms  on  a  large  scale,  to  be  used  as 
food  for  the  fish. 

From  Gortaillod,  Bystrom  proceeded  to  Soleure,  where  a 
private  gentleman,  one  Franz  Yigier,  had  upon  his  estate, 
Malsenhof,  about  seven  hours^  journey  from  Soleure,  formed 
a  fish-hatching  and  feeding  establishment  of  lake  trout,  from 
which  he  derived  a  considerable  income.  His  process  was 
on  the  same  plan  as  that  of  Huffier,  in  Munich.  But  at  first 
the  hatching  process  did  not  answer.  It  was  carried  on  in 
boxes,  under  the  bare  heaven,  and  in  canals,  in  the  same 
manner  as  at  Meilen,  near  Lake  Zurich.  But  here  the  plan 
did  not  seem  to  answer,  for  his  roe  never  returned  more  than 
twenty-five  per  cent,  of  young  fish.  The  least  defect  in  the 
fine  lattices,  or  the  very  least  opening  which  may  be  formed  by 
the  water  in  any  part  of  the  dams,  used  either  for  hatching  or 
keeping  the  young  fish,  is  sufficient,  m  a  few  hours,  to  let 
thousands  of  the  young  fish  escape.  During  the  last  winter, 
23,000  young  lake  trout  and  trout  had  been  hatched  out. 

.The  ieeding  dams  were  supplied  with  the  same  water  as 
the  hatching  apparatus.  They  were  oval  in  form,  about  a 

hundred  feet  long,  fifty  broad,  and  the  greatest  depth  was 
seven  feet. 

In  the  upper  dam  were  500  trout,  of  one  and  a-half  years 
old,  and  about  five  inches  long.  In  the  second  dam  were  about 
GOO  tiout,  two  and  a-half  years  old,  of  six  to  seven  inches 
length.  In  the  third  were  300  fish,  four  to  five  years  old,  nine 
to  ten  inches  long.  The  principal  food  supplied  to  these  con¬ 
sist  of  snails,  collected  in  rainy  weather ;  but  these  could  not 
always  be  procured,  and  then  the  fish  must  content  themselves 
with  such  food  as  was  to  be  found  in  the  grass  at  the  bottom 
of  the  dams.  I.  here  was  no  lack  of  grass  here,  for  the  dams 
were  nearly  choked  up  with  it ;  and  Herr  Yigier  thought  that 
this  vegetation  was  very  useful  to  the  growth  of  the  fish,  as 
providing  them  with  a  great  deal  of  food  in  the  shape  of  small 
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water  insects.  But  it  is  pretty  clear  tliat  tlie  young'  trout 
thrive  much  better  in  smaller  dams,  where  there  is  a  good  cur¬ 
rent  of  water,  and  whose  bottoms  are  free  from  grass,  but 
covered  with  fine  clean  gravel,  and,  moreover,  where  the  fish 
receive  a  daily  and  even  supply  of  more  truly  animal  food. 

Herr  Vigier  had — as  well  as  the  before-mentioned  Dr. 
Stephan,  whose  dams  were  also  filled  with  grass — made  this 
observation,  that  not  so  few  of  the  trout  which  were  fed  up  in 
the  dams  were  blind.  He  had  also  observed  that  many  of 
these  trout,  from  which  he  had  taken  roe  for  artificial  hatching, 
in  the  next  year  had  no  roe.  The  cause  of  this  must  have  been 
the  poor  and  irregular  supply  of  food. 

About  the  end  of  October  he  visited  Basle,  and  called  upon 
Herr  Glaser,  who  supplies  most  of  the  salmon  and  trout  roe  to 
the  establishment  at  Huningen.  He  had  already  a  con¬ 
siderable  number  of  fish  confined  in  sumps,  waiting  till  the 
roe  was  fit  for  pressing  out.  These  sumps  were  about  four  to 
six  feet  long,  one  foot  broad,  and  six  inches  deep,  the  sides 
perforated  with  holes.  They  were  kept  floating  in  the  middle 
of  a  timber  float,  consisting  of  four  large  spars,  and  which 
were  placed  out  by  the  side  of  the  broad  and  rapid  Rhine. 
In  these  sumps  the  fishermen  can  keep  the  fish  confined  for 
three  or  four  weeks  without  any  injury  to  the  roe,  which 
becomes  ripe  during  that  period ;  but  besides  trout,  there  were 
two  large  salmon,  which  had  been  fastened  to  these  timber 
stocks  for  fourteen  days  by  a  strong  line,  which  was  drawn 
through  the  mouth  and  one  gill  opening,  and  there  fastened. 
This  method,  which  is  even  recommended  by  some  of  the 
French  pisciculturists,  did  not,  however,  answer  here,  for  the 
female  died  before  the  roe  was  ripe,  and  it  constantly  was  of 
no  use.  The  usual  time  for  commencing  fructification  was  well 
in,  but  it  appeared  that  on  this  year  it  was  later.  They  tried 
with  two  trout ;  but  as  the  roe  or  milt  could  not  be  ejected 
without  a  strong  pressure,  it  was  doubtful  whether  any  good 
would  follow.  The  method  of  fructifying  was  as  before  de¬ 
scribed.  Glaser  fancied  that  all  the  roe  corns  in  a  fish  were 
ripe  at  the  same  time,  and  he  therefore,  for  fructification, 
pressed  out  all  the  roe  at  once ;  and  he  had  also  remarked  that 
the  roe  of  small  fish  artificially  fructified,  in  general  gave  much 
better  results  than  the  roe  of  large  fish. 

From  Basle,  across  the  French  border,  to  the  little  town  of 
Huningen,  was  his  next  stage,  to  inspect  the  large  piscicul- 
tural  establishments  belonging  to  the  French  Government, 
about  one  hour’s  journey  from  that  place.  This  was  built  in 
1852,  upon  a  plan  of  Prof.  Coste,  in  Paris,  at  a  cost  of  30,000 
francs ;  but  it  has  since  cost  a  great  deal  more. 

The  establishment  is  constructed  on  an  even  plain,  and  is 
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bounded  on  one  side  by  the  Rhine  canal,  which  commences  at 
Run  in  gen,  and  on  the  other  by  a  steep  height.  The  buildings 
are  capacious,  and  well  laid  out.  The  floor  on  which  the  real 
hatching  apparatus  is  placed  is  sunk  into  the  earth  to  the  depth 
of  several  feet,  and  a  sufficient  light  is  admitted  by  large  and 
close  windows  in  the  sides  of  the  shed.  On  the  plain  round  about 
a  number  of  dams  of  different  sizes  are  constructed,  containing1 
pike,  perch,  and  several  of  the  carp  genus,  which  breed  in  the 
grass,  and  are  used  as  food  for  the  artificially-hatched  salmon.. 
All  these  dams  are  supplied  with  spring  water,  partly  from  a 
brook  which  runs  through  the  plain,  and  partly  by  water  from 
the  Rhine,  which  is  brought  down  from  the  great  Rhine  canal 
to  the  hatching-houses,  by  a  smaller  side  canal,  about  4000 
feet  long. 

The  water  for  the  hatching  apparatus  is  supplied  from  some 
abundant  springs  at  the  foot  of  the  above-mentioned  heights, 
and  is  carried  down  by  a  well-built  underground  canal,  of  about 
2000  feet  long,  into  one  of  the  side  buildings.  Here  it  is 
divided  into  three  canals,  parallel  with  each  other,  of  about  two 
feet  broad,  running  along  the  whole  length  of  the  floor,  and 
thence  to  the  bottom  of  the  building.  These  canals  then  join 
into  a  single  one,  which  runs  through  the  other  end  of  the 
building,  and  at  length,  mixed  with  water  from  the  canal, 
empties  itself  into  the  excellent  dams  which  are  used  as  depo¬ 
sitories  for  the  newly-hatched  salmon  and  trout  fry.  In  the 
above-mentioned  canals,  the  bottoms  of  which  are  covered 
with  gravel,  small  gratings  are  laid  down  to  place  the  hatching 
boxes  on.  These  are  eighteen  inches  long,  six  broad,  and  am 
placed  in  rows  of  four  throughout  the  whole  length  of  the 
canal ;  and  by  rising  or  sinking  the  lattices  it  is  always  con¬ 
trived  that  the  roe  shall  lie  in  water  one  inch  deep.  But  even 
between  these  canals  others  are  constructed,  which  are  filled 
with  smaller  hatching-boxes ;  and  in  the  first  building  several 
other  boxes  are  ranged  over  the  canal,  formed  of  polished 
earthenware  of  a  light  yellow  colour,  twenty-one  inches  long, 
six  inches  broad,  and  five  inches  high,  and  which  are  supplied 
with  water  by  machinery  from  belowr. 

rIo  fill  these  immense  quantities  of  boxes  with  roe,  of  which 
each  one  holds  about  2,000  corns,  engineers  have  been  sent  to 
Switzerland,  Horth  Austria,  etc.,  to  teach  the  art  of  fructifying 
the  roe ;  and  by  this  means  the  establishment  yearly  receives 
seven  millions  of  roe  corns.  Besides  this,  a  great  deal  of  roe 
of  the  Gwinniad  ( Coregonus  fera)  comes  from  the  Lake  of 
Constance.  But  this  is  not  hatched  in  separate  boxes,  it  is  only 
spread  out  on  the  grass  in  the  dams,  and  in  this  manner  has 
not  led  to  any  great  results. 

Much  of  the  roe  is  sent  away,  often  to  great  distances 
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from  the  establishment,  and  sold  at  so  much  per  1 ,000,  accord¬ 
ing  to  the  species.  It  is  never  sent  away  before  the  eyes  of  the 
embryo  are  visible.  According  to  the  engineer  Peteh,  during 
the  last  year  no  less  than  four  millions  of  roe  corns  had  been 
distributed  to  private  individuals,  besides  300,000  to  400,000 
small  fry.  They  reckon  that  out  of  the  fructified  roe,  at  least 
fifteen  per  cent,  is  utterly  worthless,  but  of  that  which  comes 
well  to  hand,  twenty-five  to  thirty  per  cent,  of  fresh  young 
fish  can  be  calculated  on. 

For  the  transport  of  the  young  fry  from  Huningen  they 
use  round  tin  jars,  ten  inches  high  and  nine  inches  in  diameter. 
These  are  half  filled  with  water,  and  furnished  with  a  pipe  per¬ 
forated  with  small  holes  fastened  to  the  bottom,  through  which 
air  is  mixed  with  the  water.  This  pipe  is  formed  like  a  funnel 
at  the  top,  so  that  when  the  water  is  changed,  it  can  be  poured 
into  it,  and  the  inflating  it  with  air  is  managed  by  a  separate- 
apparatus.  In  such  a  vessel  3,000  young  fry  of  three  months 
old  can  be  easily  transported,  if  only  the  water  is  changed 
every  third  hour. 

Attempts  have  been  made  to  feed  up  the  young  of  some  of 
the  species  of  salmon  in  the  before-mentioned  dams,  but  they 
have  failed;  probably  on  account  of  the  flat  nature  of  the 
country,  and  a  want  of  good  streams,  in  which  alone  salmon 
will  thrive. 

From  ITiiningen  he  proceeded  to  Paris,  to  inspect  the 
hatching  apparatus  of  Professor  Coste,  in  the  College  de  France,, 
and  which  is  upon  the  exact  principle  of  that  at  Huningen. 
The  water  is  always  kept  during  the  winter  at  an  even  tem¬ 
perature  of  8°  warmth  Celsius. 

Another  apparatus,  that  of  Herr  C.  Millet,  is  also  worth  in¬ 
spection.  He  principally  turns  his  attention  to  the  fish  indi¬ 
genous  to  the  Seine  waters.  He  has  used  with  good  success 
an  apparatus  of  prepared  canvass  sunk  in  the  stream  itself,  in. 
which  many  millions  of  roe  corns  have  been  hatched.  And 
for  carp,  bream,  roach,  he  makes  proper  places  in  the  dams 
for  spawning  with  bushes,  grass,  and  the  like.  For  bream  and! 
roach  he  simply  provides  a  sump,  round  the  inner  sides  of 
which  he  places  small  branches,  and  confines  the  male  and 
female  fish  before  the  spawning  time.  As  soon  as  this  is  over, 
he  lets  out  the  fish,  and  hides  the  roe  which  has  been  laid  on 
the  branches,  in  some  place  secure  from  enemies. 

Even  for  lake  trout  and  S.  lembla ,  which  spawn  on 
gravelly  places,  it  is  easy  to  form  natural  spawning  beds.  If 
it  is  wished  to  cultivate  these  fish  in  smaller  dams,  with  muddy 
bottoms,  it  is  only  necessary,  here  and  there,  to  form  small 
beds  of  gravel  or  small  stones,  rake  them  well  together,,  and 
dig  small  furrows  in  them. 


216 


On  Fish  Culture . 


Heir  Millet  considers  that  to  hatch  the  fructified  roe  of  the 
genus  salmon  requires  a  temperature  of  3°  to  10°  warmth 
Celsius.  He  says  that  the  fructifying  power  of  the  milt 
of  trout  lasts  only  half  a  minute  after  coming  in  contact  with 
the  water,  and  that  this  in  most  fish  lasts  from  about  one  to 
^wo  minutes.  He  is  therefore  opposed  to  the  method  which 
many  adopt  of  mixing  the  milt  with  water  before  the  roe  is 
pressed  into  it,  because  the  pressing  out  of  the  roe  is  some¬ 
times  a  tedious  operation.  In  practice  it  is  not  good  to  take 
the  milt  from  a  dead  male  fish,  although  the  roe  which  is  taken 
from  a  dead  female  often  fructifies  well.  In  fructifying  the 
roe,  it  should  not  be  exposed  to  cold  and  drying  wind,  nor  to 
strong  light.  The  anus  of  the  fish  should  be  held,  if  possible, 
under  the  water,  and  if  the  roe  will  not  come  easily,  it  is  better 
not  to  force  it.  If  the  fructifying  cannot  well  be  carried  on 
at  the  water's  edge,  or  if  the  roe  is  not  quite  ripe,  the  fish 
may  be  kept  captive  in  the  water  by  means  of  a  line  passed 
through  one  of  the  gill  openings  and  the  mouth,  or  else  tightly 
encircled  in  a  net ;  but  it  should  not  be  kept  too  long  a 
prisoner. 

The  artificial  fructifying  of  the  roe  of  carp,  roach,  etc.,  must 
take  place  on  small  branches,  or  v7ater-plants ;  and  the  roe  of 
tench  and  carp  require  a  temperature  of  25°  warmth  Celsius. 

The  best  apparatus  for  hatching  roe  is  a  double  strainer  of 
prepared  canvas,  or  galvanized  metal,  furnished  with  a  float, 
which  can  be  sunk  at  a  proper  depth  either  by  the  side  of  a 
river  or  lake,  and  unclean  or  bad  milt  will  pass  away  through 
it.  Wood,  zinc,  or  block-tin  may  be  used  in  the  construction 
of  these  apparatus;  but  copper  and  such  metals  must  be 
avoided,  on  account  of  galvanism  or  electricity.  This  canvas 
strainer  can  also  be  used  for  the  transport  of  fructified  roe, 
laid  between  damp  cloth,  damp  paper,  and  damp  moss,  will 
prevent  it  shaking  and  rubbing. 

Millet  fancies  that  the  number  of  fish  can  be  increased  a 
hundred- fold  in  comparison  with  what  it  is  now,  through  a 
good  method  of  pisciculture  and  a  good  water  police.  The 
science  of  pisciculture  in  France  is  yearly  spreading,  but  at 
present  in  the  large  waters  no  very  great  results  have  been 
observed.  But  now  the  bailiffs  for  the  forests  and  waters  have 
made  an  excellent  regulation.  Basins  have  been  dug  by  the 
sides  of  many  of  the  large  streams,  which,  furnished  with  two 
canals,  the  one  for  the  ingress,  the  other  for  the  egress  of  the 
water,  are  connected  with  the  stream,  the  fish  of  which  it  is 
wished  to  preserve.  During  the  spawning  season  the  fish  can 
enter  these  basins  and  deposit  their  roe  on  artificially  con¬ 
structed  beds.  Great  complaints  are  made  of  the  damage 
which  the  sewers  in  the  Thames  every  year  do  to  the  fish 


Pleasant  Ways  in  Science. 


217 


spawn.  Now,  sucIl  canals  and  basins  by  the  side  of  tliis  river, 
would  effectually  protect  the  roe  at  least  from  the  swans. 
Directly  after  the  spawning  is  over  the  sluices  might  be  closed, 
and  not  opened  again  until  the  young  fry  have  gained  a 
little  strength  to  protect  themselves  when  they  seek  the  waters 
of  the  river.  Not  less  than  eighty  such  basins,  spread  over 
thirty-five  departments  of  France,  are  already  in  working,  the 
cost  of  which  has  been  about  £1000.  In  1861  it  was  calculated 
that  about  six  millions  of  young  fish  had  been  turned  out  of 
these  basins.  The  taking  of  all  fish  during  the  spawning 
season,  except  for  the  purpose  of  fish  culture,  in  France,  is 
strictly  forbidden. 

It  will  be  seen,  from  a  perusal  of  the  above,  how  far  before 
England  continental  countries  stand  in  the  development  of 
pisciculture,  one  of  the  most  important  branches  of  science, 
and  one  which  is  of  so  much  practical  utility. 


PLEASANT  WAYS  IN  SCIENCE. 

No.  IY. — Physical  Forces. 

In  some  writings,  a  distinction  is  made  between  physical  and 
chemical  forces.  In  this  place,  all  the  forces  exerted  by 
matter  are  designated  under  the  appellation  physical,  and  the  first 
inquiry  we  shall  suggest  relates  to  the  sort  of  information  we 
can  obtain  concerning  the  objects  by  which  we  are  surrounded, 
and  which  exert  different  kinds  of  force.  The  present  popular 
philosophy  conceives  of  matter  under  the  dominion  of  laws 
external  to  itself.  It  supposes  that  the  earth  moves  round  the 
sun,  and  the  moon  round  the  earth,  by  virtue  of  impulses  from 
without,  communicated  in  a  precise  manner,  according  to  rules 
prescribed  by  the  laws  of  gravitation  and  centrifugal  force. 
The  old  schoolmen  considered  matter  as  capable  of  separation 
from  its  properties  and  qualities,  or,  as  they  called  them,  its 
accidents.  Thus,  if  a  piece  of  iron  were  hard  and  heavy,  they 
conceived  of  these  properties  as  of  something  superadded  to, 
and  capable  of  being  removed  from,  the  substance  itself.  The 
Bomish  doctrine  of  transubstantiation  illustrates  the  old  mode 
of  philosophizing,  as  those  who  gave  a  scientific  form  to  their 
belief  in  that  doctrine  thought  that  the  substance  of  the 
elements  was  changed,  although  their  accidents  or  physical 
properties  remained,  and  attached  themselves  to  the  new 
materials,  supposed  to  be  miraculously  made  present. 

The  popular  unscientific  thought  of  our  days  fails,  in  an 
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analogous  way,  to  see  that  the  properties  of  a  substance  are 
inseparable  from  its  existence ;  that  they  are,  in  fact,  the 
necessary  manifestation  of  its  existence,  under  certain  con¬ 
ditions.  The  use  of  common  names  for  things  capable  of 
existing  under  diversified  conditions  may  encourage  fallacious, 
ideas  concerning  them.  Thus,  if  the  term  water  is  applied  to 
steam  and  ice,  as  well  as  to  the  liquid  usually  meant  by 
that  appellation,  we  are  led  to  the  conclusion  that  water  may 
be  solid,  liquid,  or  aeriform.  If,  indeed,  any  one  called  steam 
or  ice,  water,  it  would  strike  others  as  a  mistake ;  but  if  the 
same  person  affirmed  that  water  was  capable  of  existing  in 
the  three  conditions  just  specified  no  objection  would  be  made,, 
although  it  is  scarcely  correct  to  say  that  steam  is  a  form  of 
water,  that  appellation  being  already  appropriated,  and  having 
quite  enough  to  do  to  designate  a  chemical  composition  of 
hydrogen  and  oxygen  in  one  particular  state.  If  the  chemical 
symbol  H  0  designates  such  a  compound,  then  it  becomes 
quite  correct  to  say  that  steam,  ice,  and  water  are  three  con¬ 
ditions  of  H  0.  If  the  difference  between  steam,  water,  and 
ice  lies  simply  in  the  varying  degrees  of  distance  by  which 
the  atoms  of  H  0  are  separated  from  each  other  when  heated  ta 
different  degrees,  and  if  the  degrees  of  the  heating  necessary  to 
produce  such  changes  of  form  under  a  given  pressure  were  indi¬ 
cated  by  the  letters  A,  B,  C,  then  A  H  O,  B  H  O,  and  C  H  0, 
would  be  the  symbolic  names  of  three  distinguishable  things^ 
and  it  would  be  found  that,  whenever  (under  the  given 
pressure)  H  0  was  heated  or  cooled  to  the  extent  repre¬ 
sented  by  A,  B,  C,  it  would  always  exhibit  precisely7  the  samo 
properties. 

There  is  no  reason  for  supposing  that  these,  or  any  other 
properties  of  matter,  are  stack  on,  like  the  so-called  ornaments 
with  which  London  builders  disfigure  houses,  and,  like  such 
ornaments,  have  nothing  to  do  with  the  main  construction. 
On  the  contrary,  although,  by  effort  of  imagination,  we  might 
conceive  of  matter  which  did  not,  and  could  not,  in  any  way7 
act  upon  other  particles,  and  was  not,  and  could  not  be,  in 
any  way  acted  upon  by  them,  we  should  in  vain  try  to  discover 
any  particles  in  such  a  state.  A  substance  destitute  of 
properties,  but  capable  of  receiving  them,  is  also  conceivable 
or  imaginable;  but  it  would  not  conform  to  anything  known, 
or  reasonably  expected  to  arise  in  the  order  of  nature. 

We  should  have  no  ground  for  surmising  the  existence  of 
matter  if  matter  did  not  exert  force,  and  the  force  which  we 
believe  it  does  exert  furnishes  little,  if  any,  ground  for  con¬ 
jecturing  what  matter  really  is.  The  “  extreme”  doctrines  of 
the  Idealist  metaphysicians,  that  objects  are  nothing  but  our 
sensations,  and  the  laws  which  connect  them  “have  not,”  as. 
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John  Stuart  Mill  says,  been  generally  adopted  by  subse¬ 
quent  thinkers ;  the  point  of  most  real  importance  is  one  on 
which  those  metaphysicians  are  now  very  generally  considered 
to  have  made  out  their  case,  viz.,  that  all  we  know  of  objects 
is  the  sensations  which  they  give  us,  and  the  order  of  the 
occurrence  of  those  sensations.”  All  these  sensations  arise 
from  the  exercise  of  a  power  or  force. 

If  we  observe  that  one  object  attracts  or  repels  another, 
and  that  one  or  both  change  places  under  this  influence,  our 
sight,  if  not  deceived,  gives  us,  so  far  as  its  action  goes,  posi¬ 
tive  information  of  what  occurs,  and  we  can  try  the  question 
of  whether  or  not  it  is  deceived,  by  means  that  were  suggested 
in  an  earlier  paper  of  this  series,  in  which  motion  was  con¬ 
sidered.  In  these  cases  we  have  ascertained  that  two  things 
presenting  certain  appearances  have  exerted,  and  been  acted 
upon,  by  a  force,  and  have  moved  in  consequence.  Sight 
does  not,  however,  give  us  any  information  as  to  what  matter 
itself  is,  or  what  force  is.  It  enables  us  to  perceive  form,, 
colour,  light,  and  shadow,  and  thus  permits  us  to  recognize 
objects  that  have  distinguishable  forms,  or  which  act  upon 
light  in  particular  ways.  When  we  see,  a  force  has  been 
exerted,  through  our  eyes,  upon  our  nerves  and  brain ;  and 
through  the  action  of  this  force  we  are  led  to  believe  in  the 
existence  of  an  external  thing,  though  what  that  thing  is  in 
its  essence  we  cannot  say.  We  may,  however,  describe  it  by 
its  properties,  and  show,  by  difference  of  property,  whether  of 
kind  or  degree,  in  what  respect  it  differs  from  some  other 
thing,  whose  existence  we  become  cognizant  of  in  an  analogous 
manner. 

Touch  enables  us  to  ascertain  the  existence  of  many  external 
objects,  and  if  any  one  receives  a  painful  blow  from  a  stick  he 
firmly  believes  in  the  solidity  as  well  as  in  the  existence  of  the 
instrument  by  which  he  is  struck.  But  the  sensation  of  a 
violent  blow  may  be  given  by  an  electric  shock,  and  when  an 
electrician  who  was  annoyed  by  rough  fellows  swinging  upon 
iron  chains  in  front  of  his  house,  made  arrangements  to  give 
them  the  benefit  of  a  shock,  they  fell  to  quarrelling,  each  one 
declaring  that  the  other  had  given  him  a  blow. 

If  a  ball  moves  because  struck  by  another  ball,  or  by  a 
billiard  cue,  the  mode  in  which  the  force  is  communicated 
appears  palpable  ;  but  a  strong  electric  repulsion  will  cause  a 
ball  to  recede  although  nothing  appears  to  touch  it,  and  a 
strong  attraction  will  bring  it  towards  the  attracting  body  as 
certainly  and  as  swiftly  as  if  it  were  pulled  with  a  string.  When 
two  bodies  meet  one  another,  each  acts  in  proportion  to  its 
mass,  and  both  will  move  proportionately,  if  both  are  free. 
When  two  visible  bodies  rush  together  under  the  impulse  of 
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electrical  attraction,  one  part  of  tlie  process,  the  motion, 
strikes  our  attention;  but  when  hydrogen  and  oxygen  are 
mixed  in  certain  proportions  and  ignited,  we  do  not  see  their 
.atoms  .rush  together,  although  if  the  process  occurs  in  a  close 
glass  vessel,  the  water  drops  on  its  sides  proclaim  that  they 
have  done  so,  and  exhibit  the  result. 

In  the  case  of  the  ball  moving  because  struck  with  the 
billiard  cue,  an  external  force  has  caused  it  to  change  its  place  ; 
and  this  is  so  when  the  light  is  applied  to  the  mixed  gases  and 
their  atoms  coalesce  and  form  water  under  our  eyes.  Heat 
was  at  one  time  considered  as  a  substance  to  be  added  to  or 
taken  away  from  another  substance.  Electricity  was  so  re¬ 
garded  in  the  Franklinian  hypothesis;  and  light,  according  to 
the  theory  endorsed  by  ETewton,  consisted  of  extremely  small 
particles  shot  forth  by  luminous  bodies  with  enormous  rapidity. 
With  greater  support  of  evidence  heat,  light,  and  electricity 
are  now  regarded  as  modes  of  motion.  If  a  piece  of  iron  is 
put  in  the  fire,  the  burning  fuel,  that  is  to  say,  a  quantity  of 
.particles  in  motion,  set  up  a  motion  in  the  iron  particles. 
When  this  has  gone  on  to  a  certain  extent,  the  iron  becomes 
red  hot ;  it  is  able  to  set  other  particles  in  motion  and  waves  of 
light  and  heat  proceed  from  it  in  all  directions.  When  we 
ignite  the  mixed  gases  we  communicate  heat  motion  to  their 
particles  just  as  we  communicated  common  motion  by  striking 
the  ball.  Eor  heat  or  light  waves  to  be  propagated  there  must 
be  a  material  capable  of  being  thrown  into  the  right  sort  of 
motion,  and  if  there  were  a  real  vacuum  or  spot  in  which  abso¬ 
lutely  nothing  existed,  neither  light,  nor  heat,  nor  electricity, 
would  be  able  to  traverse  it.  Mr.  Gassiot  has  obtained  a  vacuum 
itoo  perfect  for  the  transmission  of  electric  currents  ;  but  light 
and  heat,  both  vibrations  of  matter,  however  attenuate,  pass 
through  any  so-called  vacuum  we  are  acquainted  with ;  and 
.although  we  may  imagine  a  place  in  which  nothing  exists,  no 
such  place  has  ever  been  discovered,  and  could  we  find  it,  we 
should  only  recognize  it  by  its  negative  properties,  as  a  piece 
of  nothing  could  not  be  caught  and  subjected  to  positive  inves¬ 
tigation. 

Resistance  to  pressure  is  a  form  of  force  which  commonly 
makes  ns  acquainted  with  the  presence  of  matter.  If  we  were 
able  to  walk,  as  ghosts  are  fabled  to  do,  through  walls  and 
wainscots,  we  might,  so  far  as  the  sense  of  touch  and  experience 
of  resistance  could  inform  us,  be  utterly  ignorant  of  the  presence 
of  the  bricks  and  boards.  Popular  philosophy  embodies  the 
old  notion  that  two  things  cannot  be  in  the  same  place  at  the 
same  time,  but  both  optics  and  chemistry  appear  to  contradict 
iL  Thus  light  rays  can  go  and  return  simultaneously  through 
what  appears  to  be  exactly  the  same  path,  without  jostling  one 
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another,  and  they  realize  something  like  the  conception  of*  th& 
old  scholastics  who  thought  that  millions  of  angels  might? 
dance  on  the  point  of  a  line  needle  without  touching  each- 
other.  If  we  have  a  vessel  filled  with  water,  it  will  not  hold  at 
drop  more  at  ordinary  atmospheric  pressure,  and  very  little 
more  with  any  pressure  we  can  impart.  There,  however,  is 
still  room  for  great  quantities  of  ammoniacal  gas,*  and  whera 
it  will  hold  no  more  of  that,  room  is  still  left  for  various  solids 
which  the  solution  can  dissolve. 

A  process  of  solution  is  an  exertion  of  force.  A  lump  of 
sugar  possesses  so  much  cohesion  that  it  is  broken  with  diffi¬ 
culty.  Its  particles  are,  however,  soon  pulled  apart  by  watoiy 
and  it  is  dissolved  because  the  attraction  of  the  water  particle 
for  the  sugar  particle  is  greater  than  that  of  the  sugar  particle 
for  its  neighbour. 

Partly  from  education,  and  partly  from  a  natural  tendency 
of  the  human  mind,  we  associate  the  idea  of  matter  with  that 
of  force.  It  is,  however,  possible  to  conceive  of  force  without 
matter,  or  of  matter  without  force.  Probably,  matter  and 
force  are  inseparable ;  and  whenever  a  particle  of  matter 
changes  its  position,  or  undergoes  any  kind  of  motion,  b 
particular  force  is  exerted  as  the  result.  It  is  quite  clear  that  if 
it  exerted  no  force — that  if  it  did  nothing,  not  even  resist  force 
— we  could  not  have  any  reason  for  supposing  matter  to  exist  j 
and  the  tendency  to  believe  that  our  sensations  are  produced 
by  objective  realities  is  the  chief,  if  not  the  only,  reason  why 
the  manifestation  of  force  is  taken  to  be  a  proof  of  the  exist¬ 
ence  of  matter.  The  uneducated  mind  supposes  the  thing*  to> 
resemble  the  sensation  it  produces.  It  can  only  fancy  that 
red  thing  can  produce  a  red  sensation ;  and  yet  we  find  that 
the  redness  is  not  essential,  and  cannot  be  manifested  in  blue- 
light.  We  further  find  reason  to  believe  that  the  system  of 
wave  motion,  which  affects  us  with  the  sensation  of  red  light, 
might  call  up  a  quite  different  sensation  in  beings  differently 
constituted.  What  we  call  the  redness  of  a  rose — that  is  to 
say,  its  power  of  reflecting  waves  that  give  us  the  sense  of  red 
light — though  seen  in  action  by  us,  might  be  heard  by  some 
other  creatures,  and  smelt  or  tasted  by  others,  having  organs  of 
sensation  differently  constructed  from  our  own,  or  having 
brains  translating  the  same  kind  of  vibration  into  mental 
impressions  of  a  different  kind.  There  might  be  creatures  who 
taste  light,  smell  sound,  and  hear  a  concert  when  they  frequent 
a  garden  of  odour- giving  flowers. 

Physical  science  has  no  means  of  tracing  the  origin  of 

*  The  addition  of  tile  ammoniacal  gas  produces  a  slight  change  of  bsilIL. 
Ammonia  solutions  having  a  rather  less  specific  gravity  than  water.  This  slight 
change  does  not  affect  the  argument. 
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matter  or  force.  Knowing  the  sequence  of  events  in  the 
formation  of  a  stratum,  or  the  growth  of  a  tree,  it  can  affirm 
from  present  appearances  certain  previous  facts,  out  of  which 
the  existing  facts  have  arisen,  but  it  knows  nothing  of  the 
birth,  or  the  bridal,  of  matter  and  force,  and  speculations  on 
such  themes  belong  to  the  metaphysician,  the  poet,  or  the 
divine. 

Force  may  be  inherited.  A  large  mass  of  fluid,  twirling 
round  with  great  swiftness,  may  be  broken  up  into  smaller 
masses,  each  one  inheriting  from  the  parent  mass  a  portion 
of  the  motion  which  belonged  to  it  as  a  whole.  A  river 
falls  over  the  brow  of  a  stupendous  cliff ;  as  it  descends,  it 
divides  and  divides  again,  until,  if  the  descent  be  long  enough, 
the  once-coherent  fluid  is  scattered  into  myriads  of  disunited 
drops  of  spray,  each  one  of  which  inherits  its  share  of  the 
family  property  of  motion  originally  communicated  to  the  river 
as  a  whole.  The  centrifugal  motion  of  planets  may  have  been 
inherited  from  movements  once  belonging  to  nebular  and 
condensing  masses,  from  which  they  may  have  been  derived. 

No  mass,  no  particle,  can  approach  or  recede  from  another 
mass  or  particle  without  exerting  a  force,  or  changing  the 
resistance  to  an  existing  force.  Every  fragment  of  material 
we  can  hold  or  see  is  a  storehouse  of  force.  In  the  case  of  cer¬ 
tain  compounds  like  gunpowder,  we  know  how  to  unlock  chemical 
forces  of  affinity  and  cohesion,  and  to  obtain,  by  a  sudden 
expansion  and  rearrangement  of  atoms,  a  mechanical  power 
that  rends  the  rock  or  propels  the  ball ;  but  it  is  startling  to 
think  that  the  most  quietly  behaved  bodies  we  find  on  the 
globe,  the  granite  frames  of  mountains,  or  the  very  dust 
particles  on  the  road,  are  like  sleeping  lions,  full  of  potential 
force,  which  they  can  give  out  the  moment  the  balance  of  their 
affinities  is  disturbed. 

The  amount  of  force  exerted  at  any  given  time  depends 
upon  the  quantity  of  material  in  motion,*  and  the  energy  with 
which  that  motion  is  performed.  When  heat  and  light  waves 
are  propagated  from  the  sun  to  the  earth,  the  quantity  of 
matter  111  the  ether  between  us  and  our  great  luminary  con¬ 
cerned  in  transmitting  those  wave  motions,  which,  beginning’ 

.  bo  dv  or  photosphere,  reach  us  with  a  power 

sufficient  to  snatch  myriads  of  tons  of  water  from  the  ocean, 
and  compel  myriads  of  tons  of  carbon  to  arrange  themselves  in 
the  forms  required  for  vegetable  growth,  is  so  small,  that  our 
imagination  fails  to  grasp  the  notion  of  its  tenuity,  but  the 
energy  of  its  movements  makes  up  for  the  smallness  of  its 
quantity  j  and  all  the  men  that  ever  lived  upon  the  earth  could 
not  have  counted,  had  they  spent  their  whole  existence  in  the 
task,  more  than  the  minutest  fraction  of  the  waves  of  lio-ht 
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and  heat  that  strike,  in  the  course  of  a  few  minutes,  upon  the 
humblest  plant.  No  force  that  we  are  acquainted  with  as 
operating  within  the  system  to  which  we  belong  at  all 
approaches  sun  force  in  its  various  forms.  When  it  gives  light 
and  warmth  in  different  proportions  to  enormously  distant 
bodies,  and  causes  in  all  innumerable  transpositions  of  matter, 
it  uses  as  a  medium  for  the  conveyance  of  its  powers  that  ether 
fluid,  so  subtle,  that  we  only  experience  a  pleasant  sensation 
when  its  waves  dash  against  our  cheeks  with  a  velocity  so 
great,  that  the  swiftest  mechanical  motion  beside  it  seems  still. 
In  another  paper  we  must  consider  the  doctrines  of  the  corre¬ 
lation  and  conservation  of  force,  to  which  latter  Mr.  Grove  has 
contributed  so  much  excellent  thought  and  illustration.  But  if 
gravitation  bears  any  resemblance  to  heat  force,  light  force,  or 
electric  force,  then,  astounding  as  it  may  appear,  it  may  prove 
that,  through  the  same  impalpable  ether,  the  sun  transmits  the 
attraction  which  keeps  his  planets  around  him,  and  compels 
remote  Neptune  to  curve  his  far-off  wanderings  back  to  their 
appointed  place. 


DECEPTIVE  FIGURES. 

Our  attention  was  recently  called  to  an  optical  delusion  with 
which,  we  are  told,  practical  masons  are  familiar,  and  of 
which  they  have  to  take  account  in  arranging  certain  ornaments 
of  stucco  or  stone.  W e  find,  however,  from  experiments 
made  with  various  persons,  that  few  are  acquainted  with  it, 
and  as  it  will  afford  amusement  and  at  the  same  time  illustrate 
certain  principles  of  vision,  we  beg  to  introduce  it  to  our 
readers. 

Two  pieces  of  card  should  be  cut  and  arranged,  as  shown 
in  Fig.  1  of  the  annexed  plate.  If  shown  to  any  one  in  the 
position  indicated,  and  the  question  is  asked  which  of  the  two 
is  the  largest,  the  answer  will  be  “  B,  to  be  sure/'’  A  should 
then  be  placed  under  B,  still  forming  the  figure  as  shown  in  the 
plate.  This  will  cause  it  to  look  longer  than  B,  and  the  two 
should  then  be  placed  so  that  one  covers  the  other,  and  they 
will  be  found  exactly  the  same  size. 

Fig.  2  exhibits  a  similar  optical  deception;  whichever  is 
uppermost  looks  the  smallest,  but  C  and  D  like  A  and  B  are 
the  same  size. 

A  and  B  may  be  placed  in  the  position  of  0  and  D,  and  the 
upper  one  will  then  look  the  smaller  of  the  two,  though  this 
form  of  the  delusion  is  best  shown  with  the  patterns  C 
and  D.  Reversing  the  curves  changes  the  effect. 


Fig.  1. 
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Tlie  rationale  of  the  deception  shows  it  to  arise  from  the 
tendency  of  the  eye  to  be  guided  by  simple  decided  lines,  and 
to  follow  the  direction  they  indicate.  The  right  and  left  boun¬ 
dary  lines  of  C  would  cut  through  D  if  they  were  prolonged, 
and  the  same  boundary  lines  of  D  would  include  C  if  pro¬ 
longed  ;  therefore  the  eye  or  brain  is  misled,  and  we  fancy  C 
smaller  than  D. 

In  estimating  by  the  eye  the  length  of  circular  curves,  we 
ought  to  commence  our  reckoning  from  a  point  in  the  centre. 
If  this  rule  is  applied  to  A  and  B,  it  immediately  becomes  evi¬ 
dent  that  the  same  perpendicular  line  cannot  pass  through 
their  centres,  and  thus  the  mind  realizes  the  fact  that  A  does  not 
extend  to  the  right  as  far  as  B,  because  it  is  just  as  much  out 
of  centre  as  it  looks  shorter  than  B. 

In  estimating  C  and  D  the  eye  must  be  made  to  avoid 
following  their  slanting  boundary  lines,  and  to  follow,  instead, 
imaginary  perpendiculars  uniting  the  upper  and  lower  corners. 
As  soon  as  this  is  done  the  delusion  disappears. 

Some  of  our  readers  may  like  to  amuse  themselves  by 
inventing  analogous  means  of  deception,  and  with  trying  what 
action  this  curious  effect  of  leading  or  misleading  lines  may  be 
made  to  have  in  ornamental  designs,  or  what  allowance  must  in 
some  cases  be  made  for  it. 


POWELL  AND  LE ALAND’S  NEW  BINOCULAR. 

Messes.  Powell  and  Lealand  have  just  introduced  a  new 
mode  of  obtaining  binocular  vision,  especially  adapted  to  high 
powers.  It  consists  of  a  flat  of  glass  interposed  in  a  slanting 
position,  and  so  as  to  catch  the  entire  cone  of  rays  coming 
from  the  object-glass.  A  portion  of  this  cone  is  reflected  as  in 
their  form  of  condenser  recently  described,  and  then  suffers  a 
second  reflection  from  a  prism,  which  forwards  it  up  one  tube 
of  the  instrument  to  the  eye.  The  rest  of  the  cone  of  rays  is 
transmitted  through  the  glass  flat,  and  passes  straight  onward 
to  the  other  eye.  As  different  portions  of  the  cone  of  rays 
strike  the  glass  flat  at  different  angles,  some  are  reflected  more 
than  others,  and  some  are  transmitted  more  than  others.  Thus, 
one  image  will  be  formed  by  a  larger  portion  of  central,  and 
the  other  by  a  larger  proportion  of  peripheral  rays,  and  this 
appears  to  give  as  much  difference  as  is  requisite  to  produce  a 
stereoscopic  effect  with  high  powers,  for  which  the  apparatus 
is  specially  devised.  The  circulation  of  the  valisneria  is  beauti¬ 
fully  shown  by  this  method  with  a  T'(Tth,  and  with  the  same 
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power  we  have  seen  the  two  sets  of  lines  in  that  most  difficult 
object,  the  Amician  test,  finely  displayed. 

When  lower  powers  are  employed,  Messrs.  Powell  and 
Lealand  remove  their  peculiar  arrangement  of  the  field,  and 
substitute  Mr.  W enham’s  prism.  Their  plan  is,  therefore,  a 
valuable  addition  to  that  of  Mr.  Wenham,  and  not  a  substitute 
for  it.  The  separation  of  the  cone  of  rays  into  two  halves  by 
the  new  plan  is  quite  free  from  any  action  of  diffraction,  as  no 
solid  body  like  Mr.  Wenhauds  prism  is  introduced  into  the 
cone,  and  made  the  means  of  its  division. 

With  the  two  arrangements  of  Mr.  Wenham  and  Messrs. 
Powell  and  Lealand  both  elegantly  arranged  in  the  same  slide, 
microscopists  seem  provided  with  all  that  they  can  desire,  and 
no  severer  test  could  be  tried  than  the  Amician  diatom,  whose 
markings  we  have  alluded  to  as  well  displayed.  The  new  plan 
can  be  adapted  to  any  good  binocular  instrument. 


ARCHCEOLOGIA. 

A  very  singular  Hiscoyery  of  Human  Skeletons  was  made  in  the 
earlier  part  of  the  last  month,  and  deserves  recording.  Milcote,  or 
Millcott,  is  a  hamlet  belonging  to  the  parish  of  Weston-on- Avon,  in 
the  county  of  Gloucester,  although  it  is  enclosed  in  the  adjoining 
county  of  Warwick.  It  occupies  an  angle  of  land  formed  by  the 
confluence  of  the  Stour  and  the  Avon,  and  is  between  two  and 
three  miles  from  Stratford-on-Avon.  In  this  hamlet  there  is  a 
grass-field  of  about  four  acres,  at  a  place  named  Clifford  Chambers, 
in  which  from  time  to  time  human  bones  have  accidentally  been 
dug  up,  and.  this  circumstance  had  given  rise  to  a  story  that  it 
had  been  the  scene  of  a  battle  with  the  Hanes.  This  has  been  for 
some  ages  a  common  way  of  explaining  the  discovery  of  remains 
of  the  dead  under  such  circumstances.  The  sub-soil  of  this  grass- 
field  is  gravel.  At  the  period  mentioned  above,  the  farmer  who 
occupies  the  land  was  in  want  of  gravel,  and,  knowing  that  he 
would  find  abundance  of  it  under  the  grass-field,  began  digging 
there.  At  a  depth  of  about  eighteen  inches  beneath  the  surface, 
the  workmen  came  upon  human  skeletons  lying  regularly  arranged 
in  .rows..  In  a  space  of  forty-four  feet  by  eighteen,  no  less  than 
thirty- nine  perfect  skeletons  were  found  ;  and  if,  as  is  supposed,  the 
skeletons  extend  over  the  whole  field,  or  even  over  one  half  of  it, 
the  number  of  interments  would  amount  to  several  thousands.  The 
bodies  appear  to  have  been  carefully  laid  in  regular  rows,  rather 
close  to  each  other,  the  bodies  lying*  in  a  direction  east  and  west,  on 
their  backs,  with  the  arms  generally  crossed  over  the  pelvis.  Medi¬ 
cal  men  who  have  seen  these  skeletons  pronounce  them  to  be  those 
of  males  in  the  vigour  of  age,  and  some  of  the  skulls  are  said  to 
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be  cut  or  broken  in,  as  if  by  tbe  blow  of  a  heavy  weapon.  Unfor¬ 
tunately,  no  objects  whatever  which  might  give  a  clue  to  the  date  of 
these  interments,  weapons,  coins,  pottery,  or  any  other  articles, 
have  been  found  in  the  field;  and  we  have  no  direct  historical 
information  which  can  throw  any  light  upon  the  subject. 

The  only  suggestion  which  has  been  offered  on  the  subject  is 
that  these  skeletons  are  the  remains  of  men  slain  in  the  baronial 
wars  of  the  reign  of  Henry  III.  Evesham,  near  which  the  great 
battle  was  fought  in  which  Simon  de  Montfort  perished,  is  only  ten 
miles  from  Millcote,  and  it  has  been  conjectured  that  a  portion  of 
the  defeated  troops,  flying  along  the  vale  of  Evesham,  had  been 
overtaken  at  the  confluence  of  the  Stour  and  the  Avon,  and 
slaughtered  and  buried  there.  In  reply  to  this,  however,  it  must 
be  remarked  that  it  would  be  very  extraordinary  if  there  should 
have  been  such  a  circumstance  of  that  celebrated  battle,  attended 
with  so  considerable  a  slaughter,  and  that  it  should  have  been 
overlooked  by  the  rather  careful  chroniclers  of  those  events.  More¬ 
over,  it  was  not  usual  to  bury  the  dead  after  a  battle  in  this  regular 
manner.  Some  years  ago  the  depository  of  the  slain  from  the 
battle  of  Lewes,  fought  in  the  year  before  that  of  Evesham,  was 
found.  There  an  immense  and  deep  pit  had  been  dug,  and  the  dead 
were  thrown  in  pell-mell  and  then  covered  up.  The  only  case  we 
remember  at  all  resembling  the  one  of  which  we  are  now  speaking, 
is  that  of  the  skeletons  in  a  field  at  Wroxeter,  which  furnished  the 
deformed  skulls,  and  which  were  supposed  to  be  the  remains  of 
people  slain  at  the  time  of  the  capture  and  destruction  of  the  Homan 
city  of  Uriconium.  They,  like  those  at  Millcote,  were  arranged  in 
parallel  rows,  and  were  laid  upon  their  backs  with  their  arms 
crossed  over  them,  and  with  them,  similarly,  no  objects  were  found 
which  appeared  to  have  belonged  to  them  to  fix  their  date.  They 
probably  belong  to  a  rather  remote  date,  but  the  field  lies  in  rather 
suspicious  proximity  to  the  church,  which  was  one  of  early  date, 
and  they  may  only  mark  the  site  of  a  mediaeval  cemetery.  Such 
also  one  might  be  inclined  to  suppose  was  the  character  of  the  field 
at  Millcote,  only  it  is  difficult  to  imagine  that  a  cemetery  of  such 
extent,  and  containing  such  an  enormous  number  of  interments, 
should  have  been  so  entirely  forgotten. 

Some  very  interesting  Mueal  Paintings  have  recently  been  dis¬ 
covered  in  the  church  of  Cliffe,  in  Kent.  In  the  middle  ages,  the 
interiors  of  churches  were  not  only  ornamented  with  sculpture,  but 
they  were  richly  decorated  with  paintings,  and  sometimes  with 
gilding  also.  The  Homan  practice  of  decorating  the  walls  of  the 
rooms  in  their  houses  with  fresco-paintings,  was  at  an  early  period 
adopted  by  the  Christians  in  their  churches,  and  while  the  columns 
and  architectural  ornamentation  were  covered  with  gilding  and 
painted  with  rich  colours,  the  flat  face  of  the  walls  was  painted,  no 
longer  in  fresco,  but  usually  in  distemper,  with  subjects  taken  chiefly 
from  the  Scriptures  or  from  saints’  legends.  In  many  cases  the 
effect  must  have  been  gorgeous  to  a  degree  which  we  can  hardly  now 
understand.  After  the  Heformation,  this  kind  of  ornamentation  fell 
into  contempt,  and  that  which  existed  was  regarded,  on  account  of 
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many  of  its  subjects,  as  at  least  Papistical ;  and,  without  taking  the 
trouble  to  destroy  it,  people  covered  it  with  whitewash,  layer  after 
layer  in  course  of  time,  until  it  was  sufficiently  protected  from  out¬ 
ward  violence.  In  the  course  of  modern  restorations  and  alterations, 
as  the  whitewash  peels  off  with  tolerable  ease  from  the  old  surface, 
many  of  these  ancient  paintings  have  been  brought  to  light,  but  in 
too  many  cases  they  have  been  destroyed  almost  as  soon  as  un¬ 
covered.  They  have  often  received  so  much  injury  that  they  can¬ 
not  be  preserved  on  the  walls,  but  in  all  cases  it  is  desirable  at 
least  to  have  careful  drawings  of  them  made  and  preserved,  for 
they  furnish  very  interesting  illustrations  of  mediaeval  legend  as 
well  as  of  mediaeval  art.  The  paintings  recently  discovered  in 
Cliffe  Church  represents  the  story  of  King  Edmund  the  Martyr,  told 
in  five  compartments,  and  is  of  rather  early  work,  ascribed,  we  be¬ 
lieve,  to  so  remote  a  period  as  the  thirteenth  century.  The  first 
compartment  represents  King  Edmund  on  horseback,  surrounded 
by  his  enemies.  The  second  represents  his  martyrdom  ;  the  saint 
is  tied  to  a  tree,  and  shot  to  death  with  arrows.  On  the  third, 
one  of  his  enemies  is  cutting  off  his  head.  The  fourth  represents 
the  wolf,  according  to  the  legend,  carrying  the  martyr’s  head  to  his 
friends,  who  wanted  it  to  bury  with  the  body.  The  subject  of  the 
fifth  compartment  is  the  burial  scene.  We  are  glad  to  say  that,  by 
the  agency  of  the  incumbent,  the  Rev.  E.  H.  Lee,  the  remains  of 
this  curious  wall  painting  have  been  carefully  preserved. 

The  Archaeological  Societies  are  now  making  preparations  for 
their  annual  congress  in  the  summer  or  autumn.  The  Archaeologi¬ 
cal  Association  will  meet  at  Hastings,  and  we  believe  that  every¬ 
thing  promises  a  very  successful  meeting.  The  Archaeological  In¬ 
stitute  proposes  to  meet  in  London,  and  they  have  announced  the 
intention  of  forming  a  prehistoric  section,  over  which  it  is  under¬ 
stood  that  Sir  John  Lubbock  will  be  selected  to  preside. 

Programmes  have  been  sent  round  to  a  few  of  the  more  dis¬ 
tinguished  antiquaries  of  different  countries,  inviting  them  to  an 
International  Archaeological  Congress,  to  be  held  at  Antwerp, 
opening  on  the  12th  of  August  next,  and  closing  on  the  21st  of  the 
same  month.  This  meeting  has  been  organized  by  the  Academie 
d’Archeologie  of  Belgium,  in  concert  with  the  French  Archaeological 
Society.  The  invitations  come  direct  from  the  Belgian  Academie, 
under  the  signature  of  its  president,  H.  Vande  Velde,  and  the  whole 
plan  appears  under  the  guarantee  of  the  names  of  the  first  archae¬ 
ologists  in  Belgium,  with  the  name  of  the  Minister  of  the  Interior, 
M.  Vandenpeereboom,  as  the  honorary  president,  and  MM.  le  Che¬ 
valier  Pycke  d’ldeghem,  Governor  of  the  Province  of  Antwerp,  and 
Van  Put,  Burgomaster  of  the  town  of  Antwerp,  as  honorary  vice- 
presidents.  It  is  a  special  characteristic  of  the  plan  of  this  congress 
that  no  papers  are  to  be  read. ;  business  of  the  different  meetings  is 
to  consist  entirely  in  the  discussion,  between  the  representatives  of 
archaeological  science  from  the  different  countries  of  Europe,  of  a  rather 
long  series  of  archaeological  and  historical  questions,  which  are 
enumerated  in  the  programme,  and  on  which  it  is  considered  that  new 
light  may  be  thrown  by  such  a  personal  conference.  Other  questions 
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not  enumerated  in  the  printed  list,  may  he  brought  forward  under 
certain  regulations.  Scientific  excursions  also  form  a  part  of  the 
plan  of  this  International  Archaeological  Congress.  T.  W. 


PROGRESS  OF  INVENTION. 

Electric  Regulation  op  Temperature. — Many  modes  of  regu¬ 
lating  temperature  have  been  adopted,  with  more  or  less  success. 
Electricity  is  now  applied  to  this  purpose,  and  the  results  obtained, 
by  means  of  it  appear  to  be  everything  that  can  be  desired.  The 
apparatus  used  consists  of  a  thermometer,  into  the  bulb  of  which  is 
hermetically  sealed  a  fine  platina  wire.  Another  platina  wire,  which 
is  movable,  passes  down  the  stem,  and  may  be  set  so  that  the 
mercury  shall  come  into  contact  with  it  at  any  given  temperature. 
These  platina  wires  are  connected  respectively  with  the  poles  of  a 
galvanic  battery,  an  electro-magnet  forming  part  of  the  circuit. 
When  the  temperature  of  the  apartment  becomes  so  high  that  any 
increase  would  be  objectionable,  the  mercury  in  the  stem  of  the 
thermometer  will  have  come  into  contact  with  the  movable  platina 
wire.  This  completes  the  circuit,  the  battery  begins  to  act,  the 
electro-magnet  is  excited,  and  attracts  a  keeper,  which  is  connected 
by  simple  machinery  with  something  that  cuts  off  or  diminishes  the 
evolved  heat — lessens,  for  example,  the  supply  of  hot  air,  or  of  air 
to  the  furnace,  or  turns  a  cock,  which  diminishes  the  quantity  of 
hot  water  or  steam  employed  as  the  heating  agent.  The  instant 
the  temperature  attains  its  normal  state,  the  platina  wire  ceases  to 
be  in  contact  with  the  mercury  in  the  stem ;  battery  connection  is 
interrupted  ;  the  electro-magnet  being  no  longer  excited,  the  keeper 
separates  from  it,  and  the  valve,  or  the  regulating  cock,  returns  to 
its  ordinary  position.  In  practice  there  may  be  a  constant  opening 
or  closing  of  the  valve,  or  regulating  cock  ;  but  the  action  of  the 
thermometer  being  very  delicate,  there  will  be  no  sensible  variation 
of  the  temperature.  To  avoid  the  necessity  of  a  wire  movable  in 
the  stem  of  the  thermometer,  the  second  wire  may  be  hermetically 
sealed  at  the  point  beyond  which  it  is  not  intended  the  temperature 
should  rise.  The  oxidation  of  the  mercury  by  the  electric  sparks, 
and  the  consequent  deterioration  of  conducting  contact,  is  a  difficulty 
to  be  feared,  but  one  which  is  not,  perhaps,  irremediable. 

Yellow  Light  applied  to  the  Production  of  Daguerreotype 
Pictures. — If  a  prepared  daguerreotype  plate  is  exposed  under  a 
glass  negative,  a  negative  picture  will  be  obtained,  since  the  mer¬ 
cury  used  in  developing  will  produce  lights  corresponding  to  the 
transparent  portions  of  the  negative,  the  shadows  being  formed  by 
the  bright  silver  surface  which  has  been  protected  from  the  action 
of  the  light  by  the  opaque  portions  of  the  negative.  The  application 
of  the  fact  that  yellow  light  destroys  the  effect  produced  by  white 
light  enables  us  to  obtain  a  daguerreotype  positive  from  a  glass 
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negative.  For  this  purpose,  the  whole  of  the  sensitized  daguerreo¬ 
type  plate  is  exposed  to  the  action  of  ordinary  light,  and,  instead  of 
being  then  submitted  to  the  mercurial  vapour,  which  would  form 
upon  it  a  uniform  white  surface,  as  the  whole  of  it  has  been  acted 
upon  by  light,  it  is  exposed  to  the  action  of  yellow  light,  under  the 
glass  negative.  This  destroys  the  effect  previously  produced  by  the 
white  light  in  the  portions  corresponding  to  the  transparent  parts 
of  the  negative,  which,  therefore,  remaining  bright,  on  account  of 
the  mercurial  developer  not  having  any  effect  upon  them,  form 
the  shadows  and  dark  portions  of  a  positive  picture.  It  is  evident 
from  this  property  of  yellow  light  that,  if  used  incautiously  by  the 
photographer  while  developing,  it  may  impair,  or  even  destroy  the 
distinctness  and  vigour  of  his  product. 

Electrical  Repulsion. — The  existence  of  both  electrical  attrac¬ 
tion  and  repulsion  has  long  been  unanimously  asserted  by  men  of 
science.  The  existence  of  electrical  repulsion  is  now  questioned  by 
M.  Perrot,  who  brings  forward  strong  reasons  for  his  defection  from 
the  received  dogmas  of  electricians.  As  a  consequence  of  electrical 
repulsion,  the  electric  matter  must  be  so  accumulated  on  the  apex 
of  a  pointed  body  as  to  render  it  impossible  for  the  pressure  of  the 
atmosphere,  which  alone  prevents  the  escape  of  electricity  into  space, 
to  prevent  it  from  passing  off.  For  the  tendency  of  the  particles 
to  separate  from  each  other  is  proportional  to  the  square  of  their 
number  on  a  given  space,  their  number  on  a  point,  which  is  supposed 
infinitely  small :  and  is,  in  comparison,  infinitely  great.  If,  therefore, 
they  are  kept  on  the  point,  it  must  be  by  a  pressure  equal  to  an 
infinite  number  of  atmospheres.  This,  indeed,  is  strictly  true  only 
of  a  mathematical  point,  which  it  is  impossible  to  form  in  practice : 
but  a  point  as  fine  as  can  be  made  must  require  the  pressure  of 
hundreds  of  atmospheres  to  retain  the  electricity  upon  it,  should 
electrical  repulsion  really  exist.  M.  Perrot  believes  that  it  does 
not,  and  brings  forward  facts  which  seem  to  show  that,  supposing 
electrical  repulsion,  the  pressure  is  that  of  so  many  atmos¬ 
pheres  which  would  break  in  pieces  the  apparatus  employed.  He 
fixes,  for  instance,  a  pointed  rod  in  the  conductor  of  an  electrifying 
machine,  which  is  in  connection  with  a  delicate  electroscope ;  and, 
having  electrified  the  conductor,  waits  until  the  index  of  the  electro¬ 
scope  becoming  stationary,  shows  that  the  tendency  of  the  electrical 
particles  to  escape,  and  of  the  atmosphere  to  prevent  them  from 
escaping,  are  in  equilibria;  after  which  he  takes  from  the  conductors 
a  spark,  the  length  of  which  he  notes.  He  then  places  over  the 
pointed  rod  a  glass  tube  open  at  both  ends,  and  projecting  a  short 
distance  beyond  the  apex  of  the  rod,  and  takes  another  spark,  the 
length  of  which  also  he  notes.  The  second  spark  is  far  longer  than 
the  first ;  as  long,  indeed,  as  if  there  were  no  pointed  rod  fixed  in 
the  conductor.  ^  If,  therefore,  repulsion  exists,  a  force  equivalent  to 
hundreds,  or  it  the  machine  is  very  powerful,  thousands  of  atmos¬ 
pheres  must  have  been  called  into  existence.  It  has  been  suggested 
by  the  advocates  of  electrical  repulsion,  that  this  force  is  to  be 
found  in  a  new  repulsion  exerted  by  the  tube,  and  acting  obliquely 
to  the  point.  .But  such  a  force  would  burst  the  tube  in  pieces. 
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That  no  such  force  exists  was  shown  by  another  experiment  of  M. 
Perron.  He  placed  a  thin  disc  of  caoutchouc,  or  some  other  non¬ 
conducting  substance,  over  the  point,  so  that  the  latter  projected 
a  little  beyond  it.  This  had  the  same  effect  as  the  tube  in  causing 
the  electricity  to  remain  on  the  point ;  but  since  it  was  in  front  of, 
and  not  behind  the  point,  it  must,  if  electric  repulsion  exists,  have 
exerted  an  attractive,  instead  of  a  repulsive  action,  equivalent  to 
a  great  number  of  atmospheres.  It  has  been  attempted  to  explain 
the  effect  of  the  disc  on  the  supposition  that  it  prevents  the  electricity 
from  being  accumulated  at  the  point,  by  interrupting  conducting 
communication  between  the  different  parts  of  the  pointed  rod.  But 
if  such  an  effect  were  thus  produced,  it  would  follow  that  electricity 
is  not  transmitted  by  a  conductor,  but  by  the  air  in  contact  with  it ; 
and  the  non-conducting  coating  of  a  telegraph  wire  would  render 
it  incapable  of  transmitting  electricity.  M.  Perron  concludes,  there¬ 
fore,  that,  in  reality,  there  is  but  one  electrical  force,  namely,  an 
attractive,  which  he  considers  sufficient  to  explain  all  electrical 
phenomena. 

Simple  Mode  op  Obtaining  the  Odoriferous  Principles  op 
Flowers,  etc. — The  means  used  hitherto  for  obtaining  the  odorous 
elements  of  flowers  are  troublesome,  and  more  or  less  wasteful. 
A  volatile  essential  oil,  obtained  from  well-purified  Pensylvanian 
petroleum,  and  termed  petroleum  ether,  is  now  used  very  success¬ 
fully  for  this  purpose.  It  absorbs  the  odorous  principle  of  the 
flowers,  new  quantities  of  which  are  added  continually  to  it,  until 
it  becomes  saturated.  It  is  then  separated  from  the  odorous  prin¬ 
ciple  by  evaporation,  but  little  of  it  being  lost.  The  fatty  and  other 
matters  associated  with  the  perfume  which  is  left  behind,  may  be 
separated  from  it  by  means  of  alcohol,  in  which  they  are  nearly 
insoluble,  but  which  dissolves  the  odorous  principle  with  great 
facility.  This  method  may  be  used  for  extracting  any  aroma, 
especially  when  contained  in  flowers. 

Substitute  for  Blacelead  in  the  Electrotype  Process. — It  is 
indispensable  that,  in  the  electrotype  process,  objects  which  consist 
of  non-conducting  substances  should,  in  order  that  a  metal  may  be 
deposited  upon  them,  be  coated  with  some  good  conductors. 
Hitherto  plumbago  has  been  employed  for  this  purpose,  but  its  use 
is  attended  with  some  serious  inconveniences,  and  it  may  now  be 
advantageously  dispensed  with.  Instead  of  coating  the  plaster 
of  paris,  etc.,  with  the  plumbago,  it  is  washed  over,  by  means 
of  a  hair  pencil,  with  a  solution  of  acetate  of  copper,  or — which  is 
much  better — of  nitrate  of  silver,  in  alcohol,  the  fluid  which  accu¬ 
mulates  in  hollows  being  removed  by  the  partially- dried  pencil;  and 
then,  without  being  allowed  to  become  dry,  is  exposed  to  the  action 
of  sulphuretted  hydrogen.  The  sulphuret  thus  formed  upon  it  is  an 
excellent  conductor:  and  when  it  is  dry,  which  is  very  soon  the  case, 
it  may  be  placed  in  the  copper  bath,  and  the  copy  obtained  will  be 
found  entirely  free  from  defects.  An  alcoholic  solution  of  the  cop¬ 
per  or  silver  salt  is  used  instead  of  an  aqueous,  as  the  latter  would 
run  off  from  the  object  in  drops,  but  will  not  answer  with  stearic 
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acid  which  is  dissolved  by  alcohol.  Minute  animals,  and  other 
delicate  objects  may  be  coated  very  readily  in  this  way. 

Substitute  for  Platinum  in  Stills,  etc. — There  are  certain 
manufacturing  processes  which  require  the  use  of  platinum  vessels 
of  large  size ;  but  as  these  are  extremely  expensive,  the  necessity 
for  employing  them  is  a  very  serious  impediment  to  progress,  and  a 
great  source  of  additional  cost  in  production.  It  is  now  found, 
however,  that  platinized  copper,  the  cost  of  which  is  comparativelv 
inconsiderable,  answers  quite  as  well  as  solid  platinum.  Sulphuric 
acid  may  be  evaporated  in  vessels  made  in  this  way,  or,  however 
concentrated,  may  be  kept  in  them  for  weeks,  without  the  least 
trace  of  copper  being  afterwards  discoverable  in  it.  Such  vessels 
are  now  very  frequently  used  in  Germany. 

New  Application  of  Tannin. — Not  only  are  new  aniline  dyes 
constantly  discovered,  but  new  and  more  convenient,  or  effective, 
modes  of  applying  them  are  obtained.  Silk  and  wool  are  easily 
dyed  by  means  of  them ;  vegetable  matters,  the  affinities  of  which 
for  colours  of  all  kinds  is  much  weaker,  not  so  easily,  nor  so  effec¬ 
tively.  It  has  been  discovered,  however,  that  brilliant  colours  may 
be  imparted  to  flax  or  cotton  by  means  of  the  aniline  dyes,  if  they 
are  first  impregnated  with  an  alkaline  solution  of  tannin.  Vege¬ 
table  parchment,  which  acts  like  silk  or  wool  with  reference  to  the 
aniline  dyes,  does  not  require  the  use  of  tannin.  When  ordinary 
paper  is  to  be  coloured,  the  tint  obtained  is  wonderfully  improved, 
if  it  is  coated  with  albumen  before  being  subjected  to  the  action  of 
tannin. 

Hollow  Stay-bars  for  Steam-boilers.— The  safety  often  of  many 
persons  depends  on  the  efficiency  of  the  stay-bars  of  a  steam-boiler. 
But  too  often  their  importance  is  not  sufficiently  recognized,  or  they 
are  weaker  or  less  numerous  than  they  should  be,  that  a  little 
additional  profit  may  be  made  by  the  boiler-maker.  A  still  greater 
source  of  danger  exists  when  they  have  been  used,  but  have  become 
so  corroded  as  to  be  practically  worthless  :  which,  from  their  posi¬ 
tion,  is  very  likely  to  be  the  case,  and  without  its  being  probable, 
or  perhaps  possible,  to  discover  the  change  they  have  undergone. 
A  very  simple  and  effective  way  of  making  them  proclaim  their 
own  inefficiency  is  now  in  use  on  the  Northern  Railway  of  Trance. 
They  are  made  with  a  small  bore  from  end  to  end,  and  thus  when 
one  of  them  gives  way,  or  is  seriously  corroded,  the  steam  or  water 
escapes  through  it  in  such  a  way  as  infallibly  to  attract  attention. 
To  prevent  their  being  stopped  up  by  dust,  etc.,  their  extremities, 
where  not  otherwise  protected,  are  loosely  closed  with  wood,  etc., 
which  is  easily  blown  out  by  the  escaping  steam  or  water.  From  the 
smallness  and  position  of  the  bore,  which  is  exactly  in  the  centre, 
the  rod  is  scarcely  at  all  weakened  by  it,  but  the  necessary  strength 
may  be  secured  by  a  very  slight  augmentation  of  its  diameter. 

Miscellaneous. — New  Application  of  Metallic  Soaps. — Fine 
colouring  matters,  soluble  in  fatty  matters,  paraffine  and  similar 
hydiocaroons,  and  capable  by  mixture  of  producing  any  number  of 
intermediate  shades,  have  been  discovered  in  the  form  of  metallic 
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soaps :  which  are  applicable  also,  it  is  probable,  to  the  process  of 
waterproofing.  They  are  obtained  by  precipitating  various  metallic 
solutions  with  soda  soap.  In  this  way  the  salts  of  iron  afford  a 
brown  orange  stearate  ;  those  of  copper  a  malachite  green  ;  those 
of  nickel,  an  emerald  green  ;  those  of  chromium,  a  green  which 
changes  to  violet ;  those  of  uranium,  a  bright  yellow ;  those  of 

cobalt,  a  lilac;  and  those  of  manganese,  a  rose  red. - Unalterable 

Photographs. —  The  gradual  and  almost  certain  deterioration  and 
ultimate  destruction  of  the  pictures  obtained  by  photographic  pro¬ 
cesses  has  ever  been  a  source  of  great  anxiety  and  regret.  As, 
however,  it  is  due,  for  the  most  part,  to  the  hyposulphite  or  other 
fixing  material  which  has  been  employed,  and  some  of  which  has 
been  left  in  the  picture,  there  is  now  reason  to  hope  that  even  dete¬ 
rioration  may  be  prevented :  since  it  has  been  found  possible,  not 
only  to  test  the  presence  of  this  fixing  material,  but  also,  if  not  to 
remove  the  last  traces  of  it,  to  render  it  harmless.  For  this  pur¬ 
pose  it  is  only  necessary,  after  the  picture  has  been  well  washed,  to 
connect  it  with  the  poles  of  a  galvanic  battery.  If  any  of  the  fixing 
agent  is  present,  it  will  be  decomposed.  Should  it  be  hyposulphite, 
the  sulphur  will  appear  at  the  negative  pole,  and  be  very  perceptible, 
if  the  latter  is  of  silver.— — Violet  Subchloride  of  Silver. — This  com¬ 
pound,  as  being  indispensable  to  the  production  of  colours  by 
means  of  photography,  has  become  not  only  very  interesting,  but 
highly  important :  any  simplification  of  the  mode  of  obtaining  it 
becomes,  therefore,  of  great  moment.  It  has  been  found  by  Mr. 
G.  W.  Simpson  that  it  may  be  produced  by  mere  exposure  of  a 
coating  of  ordinary  chloride  of  silver  to  diffused  light,  which, 
driving  off  a  portion  of  the  chlorine  from  the  the  chloride,  forms 
a  sub-chloride.  In  the  early  days  of  the  daguerreotype  process, 
the  connection  between  the  appearance  of  the  violet  chloride  on  the 
plate,  and  the  subsequent  production  of  colour  was  noticed.  But 
as  the  appearance  of  this  peculiar  tint  was  considered  at  the  time 
merely  accidental,  and  its  connection  with  the  production  of  colour 
was  very  dimly  perceived,  the  valuable  suggestion  it  afforded  was 

not  utilized. - Preservation  of  Wood. — Wood  is  naturally  a  very 

perishable  substance,  but  it  is  used  in  enormous  quantities;  and  in 
many  cases,  as  in  railway  sleepers,  its  unsoundness  is  attended  with 
great  danger  to  human  life  ;  its  preservation,  or  at  least  the  pro¬ 
longation  of  its  soundness,  is  therefore  a  matter  of  great  impor¬ 
tance.  Long  since  attempts  in  this  direction  were  made,  with  more 

or  less  success  :  mercurial  and  some  other  metallic  salts  have  a 

* 

preservative  action,  but  their  use  has  been  greatly  limited  by  the 
great  expense  which  it  entails.  Creosote  and  other  products 
of  the  distillation  of  coal-tar  have  been  found  effective  and 
convenient ;  but  it  is  impossible,  or  at  least  very  difficult,  by  the 
methods  ordinarily  used,  to  introduce  them  sufficiently  deeply  into 
the  substance  of  the  wood.  This  difficulty  is  now  overcome  by 
applying  them  not  in  the  fluid,  but  in  the  vaporous  state.  They 
enter  the  wood  with  greater  facility  in  this  way,  especially  as  its 
pores  are  expanded  by  the  heat  required  for  the  evaporation :  and 
they  are  sealed  up  and  condensed  by  the  subsequent  cooling.  The 
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more  porous,  and  therefore  the  cheaper  the  wood,  the  more  dense  and 
more  durable  it  becomes ;  and  as  it  affords  a  surface  capable  of  a 

good  polish,  it  may  be  employed  for  decorative  purposes.' - 

Economic  Mode  of  Evaporating  Liquids. — In  evaporation,  especially 
that  of  saline  solution,  much  heat  is  wasted  on  account  of  the 
imperfect  conducting  power  of  the  matters  through  which  it  must 
pass.  This  waste  is  prevented,  in  several  large  establishments  in 
the  north  of  France,  by  a  direct  application  of  the  heat  produced 
by  combustion  to  the  fluid  that  is  to  be  evaporated,  so  that  not  only 
does  the  vapour  pass  off  at  a  low  temperature,  heat  being  thus 
greatly  economised,  but  that  heat  which  is  contained  in  the  products 
of  combustion  and  the  atmospheric  air  associated  with  them,  and 
which,  during  the  ordinary  mode  of  evaporation  passes  into  the 
chimney  and  is  lost,  is  utilized.  In  the  new  process,  the  liquid  to 
be  evaporated  is,  by  mechanical  means,  scattered  in  the  form  of 
very  minute  rain  through  a  large  chamber,  into  which  are  trans¬ 
mitted  the  products  of  combustion — the  smoke  having  been  con¬ 
sumed — and  the  fluid,  in  this  way  exposing  a  very  large  surface  to 
direct  contact  with  the  highly-heated  gases,  is  evaporated  with  great 
rapidity.  The  resulting  vapour,  after  leaving  the  chamber,  is 
either  condensed,  or  allowed  to  escape  into  the  atmosphere.  The 
matters  contained  in  the  residual  solutions  of  various  manufacturing 
processes,  now  considered  worthless  on  account  of  the  expense  of 
evaporating  in  the  ordinary  way,  may,  it  is  probable,  be  utilized 
when  this  method  is  used. 


LITERARY  NOTICES. 

^  Chemistry  for  Students.  By  Alexander  W.  Williamson, 
F.R.S.,  F.C.S.,  etc.,  Professor  of  Chemistry  and  Practical  Chemistry 
in  University  College,  London,  Examiner  in  Chemistry  at  the  Uni¬ 
versity  ot  London.  (Oxford:  at  the  Clarendon  Press,  mdccclxv.) — • 
The  science  of  chemistry  has  outgrown  the  system  upon  which  it 
was  recently  taught  in  all  the  principal  schools,  and  a  complete 
revolution  has  been  gradually  effected  through  the  influence  of 
Charles  Gerhardt,  who  published,  in  1848,  his  Introduction  a 
l  Etude  de  la  Chimie  par  le  Systeme  TJnitaire.  Dr.  Apjohn,  in  his 
well-written  Manual  of  the  Metalloids ,  observes  that  this  system 
may  be  supposed  to  rest  on  the  following  propositions  : — u  1.  That 
the  atomic  volumes  of  all  simple  substances  are  equal.  2.  That 
the  same  is  true  oi  the  atomic  volumes  of  the  compound  bodies, 
o.  that  though  the  atomic  volume  of  a  compound  appears  in  some 
instances  to  be  double  that  of  an  element,  the  ratio  between  the 
volumes  of  the  smallest  quantities  of  each  that  can  exist  in  a 
separate  state  is  mostly  one  ol  equality.’  '  The  new  system  requires 
t  le  doubling  of  certain  atomic  weights,  such  as  those  of  oxygen, 
sulphur,  and  carbon,  and  it  has  led  to  a  revision  of  nomenclature 
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with  a  view  to  express  the  composition  of  bodies,  and  the  changes 
which  they  undergo,  with  greater  clearness.  Professor  Williamson, 
who  stands  very  high  as  a  chemist,  and  also  enjoys  the  reputation 
of  being  an  excellent  practical  teacher,  has  just  supplied  ajbook 
embodying  the  new  ideas.  In  his  preface  he  tells  us  that  it  “  is 
intended  for  the  use  of  beginners  in  chemistry,”  and  also  of  stu¬ 
dents  who  have  made  some  progress  in  the  science.  In  another 
sentence  it  is  stated  to  be  “  intended  not  as  a  substitute  for  viva 
voce  and  experimental  teaching,  but  rather  as  a  guide  and  aid  to 
students  and  teachers.”  The  confusion  of  these  statements  afford 
indication  of  the  kind  of  defect  by  which  the  work  is  characterized, 
while  its  merits  may  be  equally  well  surmised  from  its  author’s 
professorial  success,  and  from  his  well-known  and  undoubted  know¬ 
ledge  of  his  subject.  For  beginners  the  book  is  utterly  unfit ;  and 
even  for  teachers  and  advanced  students  it  fails  to  supply  what 
those  who  have  been  educated  in  the  old  system  require — namely, 
a  lucid  explanation  of  the  difference  between  the  old  philosophy 
and  the  new,  and  the  reason  why  the  latter  is  to  be  preferred. 

The  principles  upon  which  Professor  Williamson  imagines  he 
has  compounded  his  book  are  those  of  induction.  He  says,  11 1 
describe  and  compare  individual  facts  so  as  to  lead  the  mind  of  the 
reader  towards  general  principles,  instead  of  stating  the  general 
principles  first,  and  then  proceeding  to  illustrate  them  by  details.” 
We  doubt  whether  a  good  treatise  capable  of  smoothing  the  path 
for  learners  could  be  composed  upon  this  plan ;  but  if  that  be  so, 
Professor  Williamson  is  not  the  man  for  the  task,  as  the  book  before 
us  shows  a  great  want  of  logical  perception  of  the  manner  in  which 
such  a  method  of  instruction  could  be  carried  out.  One  essential 
to  any  good  plan  of  teaching  is  to  explain  difficulties  as  they  arise, 
and  only  to  postpone  such  elucidations  when  the  explanation  would 
not  be  intelligible  for  want  of  some  additional  information  that  is 
more  conveniently  given  at  a  later  period.  In  Professor  William¬ 
son’s  book  oxygen,  hydrogen,  with  some  of  their  compounds,  are 
described  in  the  first  four  chapters.  Then  comes  a  chapter  on 
“  molecules  ”  and  decompositions.  Then  follow  sundry  other  chap¬ 
ters  on  nitrogen  and.  its  compounds  ,  and  then,  in  the  thirteenth 
chapter,  the  atomic  theory  is  explained  for  the  first  time.  At  page 
37,  where  the  explanation  of  molecule  is  first  given,  it  is  said  to  be 
“  the  smallest  quantity  of  a  compound,  or  an  element  which  can 
exist  by  itself  or  take  part  in  any  process.”  At  page  96  we  read 
“  molecule  is  the  name  given  to  the  smallest  cluster  of  atoms  of 
any  compound  that  is  believed  capable  of  existing  by  itself.”  Thus 
there  is  no  mention  of,  or  explanation  of,  the  theory  that  in  some 
simple  substances  the  smallest  quantity  capable  of  existing  or 
acting  by  itself  is  a  molecule ,  not  a  single  atom. 

xYt  page  95,  Professor  Williamson  says,  speaking  of  the  red  oxide 
of  mercury,  “The  atoms  of  mercury  are  in  as  solid  a  state  as  those 
of  a  solid  bar  of  the  metal  frozen  by  carbonic  acid ;  and  the  atoms 
of  oxygen  which  no  combinations  of  cold  and  pressure  has  yet 
been  able  to  reduce  even  to  the  liquid  state,  are  in  the  mercuric 
oxide  perfectly  solid.”  Here  surely  are  unphilosophical  assump- 
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lions,  based  apparently  upon  confusion  of  thought.  Solidity, 
fluidity,  and  the  gaseous  state  do  not  involve  changes  in  the  con¬ 
ditions  of  the  atoms  of  substances,  but  alterations  in  the  distance, 
by  which  the  atoms  or  the  molecules  are  separated.  If  an  atom  of 
oxygen  is  fluid  one  minute,  solid  a  second,  and  gaseous  a  third,  it 
must  change  its  size  or  specific  gravity — which  is  not,  we  presume, 
what  Professor  Williamson  intends  to  teach,  though  it  is  certainly 
what  he  says. 

Having  pointed  out  the  faults  of  Professor  Williamson’s  book,  we 
may  appear  paradoxical  in  strongly  recommending  it ;  but  we  do 
so,  not  to  beginners,  but  to  teachers  and  advanced  students,  who 
will  find  a  great  deal  of  excellent  matter  in  it,  and  valuable 
suggestions  not  to  be  met  with  elsewhere.  The  book,  how¬ 
ever,  is  chiefly  valuable  for  the  example  which  a  distinguished 
chemist  like  Professor  Williamson  has  set,  in  employing  the 
new  theory  of  chemistry,  the  metrical  system  of  weights  and 
measures,  and  in  indicating  some  very  excellent  modes  of  prac¬ 
tical  teaching.  For  this  service  Professor  Williamson  deserves 
hearty  thanks. 

A  Dictionary  of  Science,  Literature,  and  Art,  comprising  the 
Definitions  and  Derivations  of  the  Scientific  Terms  in  general  use, 
together  with  the  History  and  Description  of  the  Scientific  Prin¬ 
ciples  of  nearly  every  branch  of  Human  Knowledge.  Edited  by 
W.  T.  Brande,  F.B.S.L.  and  E.,  of  her  Majesty’s  Mint,  and  theBev. 
George  W.Cox,  M.A.,  late  scholar  of  Trinity  College,  Oxford,  assisted 
by  Gentlemen  of  Eminent  Literary  and  Scientific  Acquirements. 
Part  VIII.  (Longmans.) — This  thick  part  of  Brande’s  Dictionary 
is  one  of  the  best  that  has  appeared.  The  article  on  the  microscope 
is  somewhat  meagre,  but  there  is  an  excellent  little  treatise  on 
music,  and  the  astronomical  papers  are  very  good.  Other  papers 
deserve  commendation ;  and  Part  VIII.  will  add  very  favourably  to 
the  reputation  of  the  work. 


SCIENTIFIC  SOCIETIES. 

GEOLOGICAL  SOCIETY. — March  7,  1866. 

The  following  communications  were  read : — 

Documents  relating  to  the  Formation  of  a  New  Island  in  the 
neighbourhood  of  the  Kameni  Islands.  By  St.  Vincent  Lloyd, 
Esq.,  H.M.  Consul  at  Syra,  A.  Delenda,  Esq.,  Consular  Agent  at 
Santorino,  and  M.  Decigala.  Communicated  by  the  Secretary  of 
State  lor  1  oreign  Affairs. — In  these  documents  it  was  stated  that  on 
or  about  February  1st  the  sea  in  the  neighbourhood  of  the  Kameni 
Islands,  in  the  centre  oi  the  crater  forming  the  harbour  of  Santo- 
rino,  began  to  show  signs  of  volcanic  action,  and  that  the  result 
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has  been  the  formation  of  a  new  island,  which  has  since  become 
nearly  joined  to  the  sonth  of  the  island  Nea  Kameni.  Details  of 
the  Tolcanic  phenomena  observed  up  to  February  7th  were  given  in 
the  letters  from  Messrs.  Lloyd  and  Delenda  ;  and  in  the  impression 
of  “  La  Groce  ”  newspaper  of  February  15th,  M.  Decigala  gave  an 
acconnt  of  the  further  progress  of  the  upheaval  and  increase  of  the 
new  island,  which  he  had  named  “  George  the  First.” 

On  the  Carboniferous  Slate  (Devonian  Docks)  of  North  Devon 
and  South  Ireland.  By  J.  Beete  Jukes,  Esq.,  M.A.,  F.B.S.,  F.G.S. 
— Mr.  Jukes  gave  a  sketch  of  the  geological  structure  of  the  south¬ 
west  of  Ireland,  tracing  the  old  red  sandstone  and  carboniferous 
limestone  from  Wexford  through  Waterford  into  Cork,  and  showing 
that  some  thin  beds  of  black  shale  which  intervened  between  those 
groups  on  the  east  expanded  westwards  until  they  acquired  a  thick¬ 
ness  of  two  or  three  thousand  feet.  The  group  then  received  Sir 
B.  I.  Griffith’s  appellation  of  carboniferous  slate.  The  old  red 
sandstone  similarly  expanded  to  the  west,  from  a  thickness  of  a  few 
hundred  feet  in  Wexford  to  one  of  several  thousand  feet  in  North 
Cork.  Slaty  cleavage,  which  shows  itself  in  both  these  groups  on 
the  east,  becomes  more  marked  on  the  west,  until  they  might  both 
be  spoken  of  as  clay-slate  formations. 

West  of  Cork  Harbour  the  carboniferous  slate  is  covered  in  one 
or  two  places  by  patches  of  black  slate,  which  Mr.  Jukes  believes 
to  be  the  lower  part  of  the  Irish  coal-measures,  resting  conformably 
on  the  carboniferous  slate,  with  no  very  definite  boundary  between 
the  two,  as  in  North  Devon.  He  looks  on  the  carboniferous  slate, 
especially  in  its  upper  part,  as  being  contemporaneous  with  the 
carboniferous  limestone.  He  believes  that  there  is  a  regular  conse¬ 
cutive  series  from  the  old  red  sandstone  into  the  coal-measures, 
through  the  carboniferous  limestone  in  one  area,  and  through  the 
carboniferous  slate  in  the  other. 

In  North  Devon  the  author  considered  the  dark  slates  and  sand¬ 
stones  which  strike  from  Baggy  Point  and  Croyde  Bay  by  Marwood 
and  Barnstaple  to  Dulverton,  identical  with  parts  of  the  carboni¬ 
ferous  slate  of  Ireland ;  and  red  and  variegated  sandstones  and 
slates,  rising  out  to  the  northward  from  underneath  the  grey  series, 
identical  in  character  with  the  Irish  old  red  sandstone.  On  a 
recent  visit,  however,  to  the  north  coast  at  Lynton,  Ilfracombe,  and 
Mortehoe,  he  found  that  those  beds  also  were  identical  in  character 
with  parts  of  the  carboniferous  slate,  and  contained  some  of  the 
same  fossils  as  are  found  in  Ireland  and  in  the  Barnstaple  district, 
each  district  having  fossils  not  found  in  the  others. 

These  beds,  in  the  absence  of  any  reason  to  suspect  the  contrary, 
would  be  judged  to  pass  under  that  old  red  sandstone.  Belying, 
however,  on  the  conclusions  formed  in  Ireland,  Mr.  Jukes  believes 
that  the  central  band  of  old  red  sandstone  must  be  cut  off  towards 
the  north  by  a  great  longitudinal  fault,  with  a  downthrow  to  the 
north  of  some  4000  feet.  Mr.  Jukes  pointed  out  that  this  hypo¬ 
thesis  would  do  away  with  the  necessity  of  assigning  the  enormous 
thickness  to  the  North  Devon  rocks  which  the  ordinary  hypothesis 
requires. 
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ROYAL  GEOGRAPHICAL  SOCIETY.—EeA  26. 

A  paper  on  Exploration  op  the  River  Purus,  a  tributary  of 
the  Amazons,  by  Mr.  Chandless,  was  read.  He  found  it  1866  miles 
long,  and  not,  as  was  expected,  having  its  bead  quarters  in  the 
South  American  river  Madre  de  Dios.  In  the  discussion  that 
ensued  Mr.  Gerstenberg  mentioned  the  recent  discovery  of  a 
depression  in  the  Andes  of  Ecuador,  which  would  be  made  available 
for  communications  between  the  settled  parts  of  that  country  and 
the  Atlantic  via  the  Amazons. 

ZOOLOGICAL  SOCIETY. — Feb.  27. 

Dr.  Gray  exhibited  a  series  of  glass  models  of  Adinice ,  made  in 
Dresden,  and  presented  to  the  British  Museum  by  the  Rev.  R. 
Hudson. 


MOTES  AMD  MEMORANDA. 


Photometry. — Dr.  F.  Zollner  has  a  paper  in  the  Astron.  Nadir.,  Yo.  1575, 
in  which  he  gives  the  following  results  of  photometric  observations.  Comparing 
the  sun  and  full  moon  by  two  methods,  he  obtains  the  following  equations  : — 


Sun 

- - —  _  63.8,000  or  619,000,  a  determination  which  stands  between  that 

Full  Moon  of  Wollaston  and  that  of  Bouguer. 

*»  O 


Sun 

Mars 

Sun 


6,994,000,000 


130,980,000,000 


Sun 


5,472,000,000. 


Jupiter 
Sun 

- =  8,486,000,000,000. 

Planus  • 


Saturn 
Sun 

■ - =  79,620,000,000,000.  He  reebons  the  probable  errors  at  from  1*6 

Yeptune  to  6  per  cent,  in  the  preceding  calculations. 


Sun 


Capella 


55,760,000,000. 


The  luminosity  of  Saturn  in  different  positions  of  his  ring  he  finds  at  its  maximum 
2’30  times.  that  of  the  ball  seen  alone.  He  gives  two  tables  of  reflecting  powers 
of  terrestrial  substances. 


Dispersed  Reflexion 4 


Fresh  Snow  .  0.783 

White  Paper  .  0.700 

Whitest  Sandstone .  0.237 

Quartz  Porphyry  .  0.108 

Damp  Field  Earth .  0.079 


Dark  Grey  Syenite .  0.078 


Mirror  Reflexion. 


Quicksilver .  0.648 

Speculum  Metal .  0.535 

Glass  .  0.040 

Obsidian .  0.032 

Water .  0.021 
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The  Aeronautical  Society  oe  G-reat  Britain. — This  new  society  haying 
secured  the  Duke  of  Argyll  as  its  president,  and  a  council  containing  the  names 
of  Messrs.  Fairbairn,  Glaisher,  Wenham,  etc.,  is  actively  engaged  in  enrolling 
members.  Its  objects  are  stated  to  be  “  to  foster  and  develop  the  science  of 
aeronautics,  and  incidentally  to  increase  our  knowledge  of  aerology.”  Its  pro¬ 
moters  hope  to  have  a  balloon  always  ready  for  ascension,  and  members  may 
ballot  for  seats  in  the  car. 

The  “  Extincteur”  as  an  Anaesthetic. — The  “  Extincteur”  is  an  instru¬ 
ment  for  extinguishing  tires  by  jets  of  water  saturated  with  carbonic  acid. 
MM.  Desmartis  communicate  to  the  French  Academy  experiments  which  they 
have  made,  and  they  state  that  jets  from  this  apparatus  rapidly  take  away  the 
pain  from  violently  inflamed  part3. 

The  Mastodon  and  the  Elephant. — M.  Bertrand  de  Lorn  has  addressed  a 
note  to  the  French  Academy,  stating  that  in  a  bed  of  fossils  in  Le  Saute  Loire  a 
great  quantity  of  mammalian  remains  have  been  found,  and  amongst  them  bones 
of  the  mastodon  and  elephant,  so  situated,  as  to  indicate  that  the  animals  were 
contemporaries. 

Stone  Hammers  oe  the  Ancient  Americans. — M.  J.  Marcou  describes  to 
the  French  Academy  the  discovery  of  these  curious  implements.  He  says  in  the 
Yalleys  of  the  Ohio  and  the  Mississippi  instruments  in  copper  and  native  silver 
were  found  some  time  ago,  and  the  discovery  of  the  copper  mines  of  Lake 
Superior  show  the  source  whence  the  metals  were  derived.  Trenches  two  or  three 
metres  deep,  and  twenty  to  forty  metres  long,  in  the  Company’s  mine,  north-west 
of  the  point  of  Hievenau,  show  the  extent  of  the  ancient  works.  In  this  situation 
a  considerable  number  of  stone  hammers  have  been  found  of  an  oval  shape. 
M.  Marcou  obtained  from  the  Kioway  Indians  a  stone  hammer  made  of  quartz, 
with  the  handle  attached  to  it  by  a  sinew  of  the  bison,  and  a  band  of  bison’s  skin 
sewn  on  while  fresh,  so  that  in  drying  it  tightly  bound  together  the  sinew  and  the 
hammer-head,  only  allowing  the  extremities  to  appear.  A  similar  mode  of 
attaching  the  handle  has,  he  states,  been  observed  in  hammers  of  the  ancient 
Gauls. 

Professor  Smith’s  Illuminator. — Prof.  Smith  writes  to  Mr.  Lobb,  that,  as 
we  supposed  from  his  paper  in  Sillimaris  Journal ,  he  rejected  the  plans  adopted  by 
Messrs.  Powell  and  Lealand,  and  Smith  and  Beck,  as  not  free  from  mist,  and  defi¬ 
cient  in  relief.  He  uses  an  oval  mirror,  perforated  in  the  centre.  Mr.  Lobb  has 
ordered  one  of  his  illuminators,  made  under  his  direction,  and  when  it  arrives  in 
this  country  we  shall  hear  more  of  this  important  invention.  To  view  diatoms,  Prof. 
Smith  coats  a  glass  with  lamp-black,  and  then  places  on  it  a  drop  of  alcohol 
containing  diatoms,  which  are  left  by  evaporation  nicely  spread  out,  and  on  a 
black  ground. 

The  Mouth  oe  the  Louse. — Annals  Nat.  Sist.,  Ho,  xcix.,  has  a  translation 
of  an  important  paper  on  this  subject,  by  Prof.  J.  C.  Scbjodte.  He  controverts 
the  notion  that  the  objectionable  animal  possesses  mandibles,  and  is  able  to  bite ; 
and  he  considers  Phthiriasis  as  “an  ancient  monster,  placed  on  the  retired  list”  by 
his  investigation.  Examining  specimens  squeezed  under  glass  appears  to  have 
been  the  source  of  prevailing  errors.  He  finds  the  so-called  mandibles  to  be 
situated  %inderneath  the  skin,  where  they  could  not  act  in  the  manner  supposed. 
His  mode  of  operation  is  to  obtain  a  fine  specimen,  and  let  him  feed  on  the  hand, 
after  sharpening  his  appetite  by  a  few  days’  abstinence.  When  so  engaged,  he 
cuts  its  head  off  by  the  sudden  action  of  a  pair  of  fine  scissors.  Placing  the  head 
under  the  microscope,  he  says,  “  we  perceive  a  short  dark  brown  haustellum, 
provided  with  hooks  at  its  extremity,  out  of  which  an  exceedingly  delicate  mem¬ 
braneous  tube  of  variable  length  is  hanging.”  Covering  with  thin  glass  causes 
the  parts  to  disappear,  and  “leaves  the  old  image  of  mandibles  and  palpi.”  He 
tells  us  that,  after  the  animal  has  inserted  its  labium  through  a  sweat-pore, 
“  when  the  hooks  (with  which  it  is  provided)  get  a  firm  hold,  the  first  pair  of 
setae,  the  real  mandibles  are  protruded  ;  these  are,  towards  their  points,  united 
by  a  membrane,  so  as  to  form  a  closed  tube,  from  which  again  is  extruded  the 
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second  pair  of  seise,  or  maxillae,  which  in  the  same  manner  are  transformed  into  a 
tube,  ending  in  four  small  lobes  placed  crosswise.’*  The  whole  forms  a  sucking 
instrument. 

Me.  Beothees’  Moon  Photogkbaph. — In  our  last  number  wo  erroneously 
ascribed  a  lunar  photograph  to  Mr.  Rutherford,  which  was  in  reality  taken  by 
Mr.  Brothers  with  a  reflector  of  only  five  inches  aperture.  It  is  an  excellent 
specimen  of  what  can  be  done  with  so  small  an  instrument. 

Woodwaedite. — This  new  Cornish  mineral  was  discovered  by  Mr.  Tailing, 
of  Lostwithiel,  and  described  by  Prof.  A.  H.  Church,  who  named  it  in  honour  of  the 
late  Dr.  S.  P.  Woodward,  at  the  Chemical  Society,  on  the  1st  March.  It  occurs 
in  crusts  one-sixth  to  one-third  of  an  inch  in  thickness,  composed  of  minute 
botryoidal  aggregations  of  a  greenish-blue  colour ;  it  is  substranslucent.  Hard¬ 
ness,  2.  Specific  gravity,  2’35.  Woodwardite  is  a  hydrated  cupric-aluminic 
sulphate,  and  has  the  following  composition : — 2  Cu"  S  04,  5  Cu"  H2  O ,,  4  AT" 
U3  C3  -j-  4  H2  O.  It  is  an  elegant  object  for  the  microscope. 

Leg-al  Use  oe  the  Miceospecteoscope. — The  Cambrian  newspaper,  report¬ 
ing  the  trial  of  Robert  Cox  for  the  Mountain  Ash  murder,  states  that  Dr. 
Herapath,  who  was  examined  as  a  scientific  witness,  to  prove  that  some  stains 
were  occasioned  by  blood,  mentioned  that,  in  addition  to  other  tests,  he  had 
obtained  characteristic  bands  from  a  solution  of  the  suspected  matter,  by  the  use 
of  Mr.  Browning’s  microspectroscope. 

Catjse  oe  Goitee. — M.  Maumene  expresses,  in  Comptes  Rendus ,  a  strong 
conviction  that  the  fluorides  are  the  agents  which  cause  the  development  of 
goitre.  He  states  that  he  administered  fluoride  of  potassium  to  a  dog  for  five 
months.  Towards  the  fifth  month  a  general  swelling  of  the  neck  became  appa¬ 
rent,  more  noticeable  in  front  than  behind.  The  dog  escaped,  and  when  found 
again,  three  years  afterwards,  the  swelling  still  existed,  but  the  symptoms  were 
not  precise  enough  to  enable  M.  Gaillet,  a  surgeon  and  professor  at  Rheims,  to 
form  a  decided  opinion.  M.  Maumene  further  states  that  fluorides  are  common 
in  the  districts  affected  with  goitre. 

Chemical  and  Luminous  Intensity.— The  Proceedings  of  the  Royal 
Society ,  Ho.  81,  contain  a  paper  by  Messrs.  Roscoe  and  Baxendell,  detailing  ob¬ 
servations,  from  which  they  conclude  that  the  effect  of  the  atmosphere  upon  the 
highly  refrangible  chemical  solar  rays  is  regulated  by  different  laws  from  those 
founded  on  the  hypothesis  of  reflection  by  hollow  water  vesicles  :  that  the  ratio 
of  the  chemical  intensity  of  direct  to  diffuse  sunlight  does  not  in  the  least  cor¬ 
respond  to  the  visible  intensity  estimated  by  the  eye,  and  is  not -constant  for  a 
given  altitude. 

Discoveey  oe  an  entiee  Mammoth. — Russian  papers  state  that  a  mam¬ 
moth  has  been  discovered  in  the  Bay  of  Tazovskaia,  in  the.  Government  of  Tomsk. 
Flesh,  skin,  and  hair  are  reported  to  be  well  preserved.  The  Academy  of  St. 
Petersburg  has  nominated  a  commission  to  take  measures  for  disinterring  the 
monster,  and  transporting  it  to  St.  Petersburg.  A  native  in  search  of  some 
domestic  animals  which  had  strayed,  perceived  a  gi’eat  horn  sticking  up  in  the 
midst  of  a  marshy  plain.  He  went  up  and  broke  the  horn,  and  detached  a  piece 
of  skin  from  the  head  covered  with  red  hair  two  and  a-half  inches  long. 


Fitch,  del. 


EUCALYPTUS 

Fig.  1.— Flower  of  Eucalyptus  tetraptera, 
nearly  nat.  size. 

Eig.  2.— Transverse  section  of  the  wood  of 
Teat,  magnified  about  20  times. 

Fig.  3.— Ditto,  Oak,  magnified  about  20  times. 


TETRAPTERA. 

Fig.  4. —  1  rans verse  section  of  wood  of  Blue 
Gum,  magnified  about  20  times. 

Fig.  ‘  .  —  Magnified  section  of  the  leaf  of 
Eucalyptus  tetraptera.  shewing  the  oil 
-  glands. 
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ON  THE  PRODUCTS  OF  THE  GENUS  EUCALYPTUS. 

BY  JOHN  E.  JACKSON, 

Curator  of  the  Museum,  Royal  Gardens,  Kew, 

( With  a  Tinted  Plate.) 

In  these  days  of  scientific  exploration  and  discoveries,  we  are 
constantly  needing  new  maps  to  keep  ourselves  posted  up  in  a 
knowledge  of  the  world.  Africa  seems  to  be  the  centre  of  at¬ 
traction  just  now,  and  deservedly  so,  when  we  have  the  records 
of  such  expeditions  as  those  of  the  Niger  and  Zambesi,  and 
above  all,  that  great  solution  of  the  Nile  mystery ;  but  Africa 
has  always  been  one  of  the  four  quarters  of  the  globe  and  its 
boundary  has  long  been  known,  while  the  case  is  far  different 
with  what  may  now  fairly  be  called  a  fifth  part  of  the  earth/ s 
surface,  namely  Australia ;  the  whole  island  itself,  extensive 
though  it  be,  is  comparatively  a  recent  discovery,  and  the  rapid 
progress  of  its  civilisation,  and  application  of  its  natural 
resources,  is  an  instance  of  what  may  be  done  by  English 
settlers.  Thus  we  find  the  great  fertility  of  Australia  has  been 
well  husbanded  by  those  who  have  gone  forth  to  seek  a  home 
there. 

If  we  take  but  one  division  of  the  vegetation  of  the  tropics, 
namely  the  forest  trees,  and  compare  them  with  those  of  our 
own  country,  we  shall  find  a  most  striking  difference  in  the 
size  of  their  foliage,  but  this  is  more  particularly  the  case 
with  Oriental  plants,  such  as  bananas,  plantains,  etc.  The  size 
of  the  trees  themselves  to  a  North  American  or  Australian 
traveller  is  the  most  striking  point  of  difference,  for  instance, 
in  the  former  country  trees  of  the  coniferous  family  abound  to 
a  height  of  300  or  400  feet,  and  in  Australia  the  Eucalypti  to 
an  equal  size.  This  great  continent  is  the  head  quarters  of  the 
myrtacese,  and  the  order  is  one  of  the  most  characteristic  of  the 
Australian  flora,  and  includes  some  of  the  most  gigantic  trees 
in  all  the  vegetable  kingdom.  Dr.  Hooker  says,  in  his 
Tasmanian  Flora ,  that  fully  130  species  of  the  Eucalyptus  are 

VOL.  IX. - NO.  IV.  E 


242  On  the  Products  of  the  Genus  Eucalyptus. 

known,  which  he  geographically  divides  as  follows  : — “  In  S. 
W.  Australia,  50  species ;  S.  Eastern  Australia,  60  species, 
and  20  tropical  species/”  The  rich  dense  scrub  of  this  vast 
continent  is  almost  unique  in  its  wild  grandeur.  African  ex¬ 
plorers  tell  us  of  the  dense  and  almost  impenetrable  gigantic 
grasses.  In  India  we  have  thick  jungle  of  canes  and  other 
palms,  very  difficult  to  penetrate ;  so  indeed  is  the  Australian 
scrub,  but  it  is  composed  chiefly  of  plants  nearer  in 
general  appearance,  as  well  as  by  scientific  classification  to  our 
own  timber  trees,  namely  dicotyledonous  plants  ;  for  while  in 
India  the  jungle  is  composed  for  the  most  part  of  species  of 
calamus  and  bamboo,  in  Australia  the  scrub  is  composed  of 
species  of  Eucalyptus,  melaleuca,  etc.,  intertwined  with  the  scrub 
vine,  a  species  of  cassytha. 

Important  as  the  Eucalypti  are  in  producing  valuable  woods, 
the  species  which  furnish  the  distinct  kinds  are  far  from  being 
well  determined.  They  are  generally  known  in  the  colony  as 
gum  trees,  as  for  instance,  blue  gum,  grey  gum,  spotted  gum, 
etc.,  but  the  difficulty  in  identification  is  this,  that  what  may  be 
blue  gum  in  New  South  Wales,  may  be  another  coloured  gum 
in  Tasmania;  or  a  grey  gum  in  Victoria,  may  be  a  red  gum  in 
New  South  Wales. 

The  fine  collections  of  Australian  timbers,  shewn  in  the 
Internationa]  Exhibition,  1862,  with  their  admirable  descrip¬ 
tive  catalogues,  went  far  towards  clearing  up  many  of  these 
doubts.  Of  the  order  to  which  the  gum  trees  belong  we  have 
no  representative  in  the  flora  of  this  country.  The  common 
myrtle,  a  native  of  southern  Europe  is  the  most  northern  mem¬ 
ber  of  the  family.  The  order  is  characterised  by  opposite, 
evergreen  leaves,  dotted  with  numerous  small  ducts  or  oil 
glands,  and  a  vein  running  round  the  leaf,  just  within,  and 
parallel  to  the  margin;  the  leaves  of  many  species  of  Eucalyptus 
are  remarkably  thick,  the  cellular  tissue  with  the  innumerable 
oil  glands,  as  seen  under  the  microscope,  is  beautifully 
arranged  between  the  vascular  fibrous  bundles  which  are  here 
of  a  very  woody  nature,  this  will  be  more  clearly  understood 
from  the  plate  (Fig.  5),  which  is  a  magnified  section  of  the  leaf 
of  Eucalyptus  tetraptera.  The  dark  spots  show  the  position  of 
the  glands  and  are  filled  with  a  volatile  oil ;  from  the  presence 
of  these  glands  in  leaves  of  such  a  thickness,  as  we  might  sup¬ 
pose,  a  large  quantity  of  oil  is  secreted,  and  we  remember 
reading  that  Eucalyptus  leaves  were  used  for  several  years  in 
the  manufacture  of  gas  to  light  one  of  the  small  towns  in  the 
colony  of  Victoria.  The  quantity  contained  in  the  different 
leaves  of  the  different  species  varies  much,  thus  from  lOOlbs. 
of  freshly  gathered  leaves  of  the  Tasmania  peppermint 
[Eucalyptus  amygdalina ),  as  much  as  three  pints  of  essential  oil 
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lias  been  extracted,  which,  however,  is  the  maximum  yield  of 
any  one  species.  The  specific  gravity  of  this  oil  at  (50°  Fahr. 
is  8.881.  It  is  thin,  of  a  pale  yellow  colour  and  has  a  pungent 
odour.  It  burns  with  a  bright  flame,  but  produces  much 
smoke,  which  is  one  draw-back  to  its  adaptation  as  a  lamp  oil. 
It  is  non-inflammable  so  far  as  the  application  of  a  light  to  the 
pure  oil  goes,  but  when  highly  heated  it  burns  freely.  This 
oil  is  soluble  in  chloroform,  turpentine,  benzine,  naphtha  and 
alcohol.  The  tree  considered  as  a  timber  tree,  is  less  valuable 
than  any  of  the  other  species.  It  is  very  abundant  in 
Tasmania. 

The  Mallee  scrub  ( Eucalyptus  oleosa )  yields  the  next 
largest  amount  of  essential  oil.  The  tree  is  a  small  one,  not  more 
than  12  feet  high,  and  is  very  plentifully  distributed  throughout 
the  Australian  forests.  The  smallness  of  this  tree,  which  is  an 
exception  to  the  general  run  of  the  Eucalypti,  makes  it  valueless 
as  a  timber  tree,  but  on  the  contrary  more  valuable  as  an  oil- 
yielding  plant,  owing  to  the  facilities  offered  for  gathering  the 
leaves,  as  well  as  the  dense  mass  of  foliage  with  which  the 
species  is  covered.  The  odour  of  the  oil  somewhat  resembles 
that  of  rosemary,  it  is  thin  and  of  a  rather  pale  brownish  colour, 
it  burns  well  in  a  lamp  with  a  clear  white  light,  producing 
little  or  no  smoke,  and  emitting  no  smell.  The  specific 
gravity  is  0*911. 

The  Blue  gum  of  Tasmania  ( Eucalyptus  globulus ,  Lab.),  is 
one  of  the  largest,  as  well  as  the  most  valuable  of  all  the 
Australian  gum  trees,  it  is  an  enormous  tree,  growing  some 
350  feet  high,  and  having  a  circumference  of  50  to  100  feet. 
The  trunks  of  these  monsters  of  the  Australian  forest  frequently 
grow  to  a  height  of  200  feet  before  any  branches  are  given  off ; 
the  wood  is  exceedingly  hard  and  heavy,  so  dense  indeed  that 
it  is  almost  an  impossibility  to  cut  it  with  the  ordinary 
carpenteFs  tools  of  this  country,  it  well  repel  a  nail  of  almost 
any  degree  of  hardness,  it  is  well  adapted  for  underground 
work,  or  in  damp  situations,  and  has  been  recommended  for 
ship  building.  Respecting  the  geographical  distribution  of 
this  species,  Gunn  says,  that  though  abundant  in  S.E. 
Australia  and  even  in  Flinders  Island,  is  nowhere  found  in 
Tasmania,  except  to  the  southward  of  60  miles  S.  of 
Launceston.”  The  tree  is  conspicuous,  not  alone  for  its  great 
size,  but  also  for  its  large  leaves  and  flowers ;  when  crushed, 
the  leaves  emit  a  most  powerful  odour,  which  of  course  arises 
from  the  fracture  of  the  glands,  and  the  setting  free  of  the 
volatile  principle  of  the  oil.  In  the  young  leaves  of  this 
species,  the  oil  cells  are  very  large  and  numerous,  and  the  oil 
itself  is  the  most  valuable  of  any  for  illuminating  purposes. 

The  Stringy  bark  of  Tasmania,  ( Eucalyptus  gigantea ,  Hook, 
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fil,)  has  a  wide  distribution  through  S.  Eastern  Australia,  being 
very  abundant  in,  and  indeed  forming  the  bulk  of  some  of  the 
forests  of  the  elevated  table  land  of  the  southern  mountains.- 
Like  the  last  named  species  it  is  a  very  large  tree,  producing 
a  wood  little  inferior  in  hardness  ;  it  is  said,  however,  to  shrink 
or  swell  according  to  atmospheric  changes.  Its  bark,  which 
peels  off  in  flakes,  is  of  a  very  fibrous  nature,  hence  the 
vernacular  name  of  the  tree ;  it  was  for  mauy  years  used  by 
the  natives  for  covering  their  huts,  building  their  canoes,  etc., 
they  still  apply  it  to  many  useful  purposes. 

The  barks  of  the  different  genera  of  the  myrtaceae  are, 
perhaps,  the  most  varied  of  those  of  any  other  known  family. 
Even  in  the  genus  Eucalyptus  itself  we  find  in  some  species 
barks  of  two  or  three  inches  in  thickness,  and  very  solid; 
while  in  others,  as  in  E.  gigantea,  w*e  find  them  so  fibrous,  as 
to  split  up  naturally  into  strips  or  thongs.  In  the  thick  barked 
species,  called  in  the  colony  “iron  barks, ^  the  wood  is  im¬ 
mensely  hard,  as  is  also  the  outer  bark,  which  is  very 
rugged  and  uneven.  The  substance  of  the  bark  partakes  of 
the  colour  of  the  wood,  that  is  of  a  reddish  brown,  and  a  dark 
resin  is  thickly  dispersed  through  it  in  small  irregular  pieces, 
having  a  very  bright  fracture.  A  similar  substance  may  also 
be  seen  in  some  species  crowded  between  the  annular  rings  of 
the  wood,  showing  that  the  whole  of  the  secretions  of  the 
plants  must  be  highly  charged  with  this  principle.  This  resin 
can  in  many  species  be  obtained  in  large  quantities,  and  it  is 
known  to  some  extent  in  this  country  as  Australian  kino.  The 
barks  of  some  species  of  melaleuca  are  entirely  composed  of 
numerous  thin  layers  or  plates  of  a  paper-like  substance,  which 
can  be  peeled  off  to  almost  any  size,  and  it  has  very  much  the 
appearance  of  a  sheet  of  tinted  tissue  paper. 

The  flowers  of  the  Eucalypti  are  peculiar  in  the  form  of 
their  calyx,  the  sepals  being  united  in  a  cup-like  lid,  called  an 
operculum ;  this  lid  covers  the  stamens,  before  expansion,  and 
afterwards  falls  off  in  one  piece.  It  is  from  this  that  the  name 
of  the  genus  is  derived,  eu  meaning  well,  and  halypto  to  cover. 

A  flower  of  E.  tetraptera,  from  which  the  cap  or  lid  has 
been  removed,  is  shown  at  Fig.  1.  The  numerous  stamens  are 
also  here  shown.  The  size  of  the  flowers  and  fruits  vary  much 
in  the  different  species.  The  Fig.  is  drawn  to  nearly  natural 
size. 

Besides  the  several  products  of  the  Eucalypti  just  enume¬ 
rated,  one  or  more  species  yield  a  manna,  one  kind  of  which 
“is  ordinarily  found  in  the  form  of  irregular  little  rounded 
masses,  of  an  opaque  white  colour,  and  having  a  pleasant, 
sweetish  taste.  In  the  early  months  of  summer  it  is  most 
abundant,  being  secreted  by  the  leaves  and  slender  twigs  of 
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Eucalyptus  viminalis,  from  punctures  or  injuries  done  to  these 
parts  of  the  tree.  The  little  masses  often  present  an  aperture 
at  one  end,  showing  the  attachment  of  the  small  twig*,  from 
which  the  manna  has  been  secreted  in  a  liquid  form.,  at  first 
transparent  and  of  the  consistence  of  thin  honey,  and  then 
becoming  solid,  drops  off  in  the  condition  that  has  been  men¬ 
tioned.  It  consists  principally  of  a  kind  of  grape  sugar,  and 
about  five  per  cent,  of  the  substance  called  ma, unite.” 

“  Another  variety  of  manna  is  the  secretion  of  the  pupa  of 
an  insect  of  the  Psylla  family,  and  obtains  the  name  of  Lerp 
among  the  aborigines  of  the  northern  districts  of  the  colony. 
At  certain  seasons  of  the  year  it  is  very  abundant  on  the  leaves 
of  E.  dumosa ,  and  these  are  occasionally  whitened  over  with 
a  profusion  of  this  material,  so  that  the  shrubby  vegetation 
has  the  appearance  of  being  iced.  It  is  found  in  masses  of 
aggregated  cones,  each  covered  with  a  filamentous  material 
like  wool,  and  has  a  colour  varying  from  an  opaque  white  to  a 
dull  yellow.  Beneath  the  little  dome  or  shield,  which  presents 
on  the  concave  side  a  somewhat  reticulated  character,  the  pupa 
remains  until  ready  for  its  further  development,  when  it  escapes 
by  forcing  its  passage  through  the  apex  of  the  cone.  The 
woolly  material  alluded  to  is  composed  of  solid  filaments,  more 
or  less  striated  transversely,  and,  in  some  instances,  distinctly 
corrugated  or  beaded.  They  give  a  faint  series  of  colours  by 
polarized  light,  and  when  submitted  to  the  action  of  iodine, 
immediately  become  intensely  blue. 

“  These  varieties  of  manna  are  of  no  medicinal  value,  and 
apart  from  their  consideration  as  objects  of  natural  interest 
and  curiosity,  have  obtained  but  little  notice.” 

From  what  we  have  now  said  it  will  be  seen  that  the 
economic  value  of  the  genus  Eucalyptus  is  very  great,  and 
might  be  made  much  more  so  by  showing  the  uses  of  the  pro¬ 
ducts  not  only  in  the  colony  of  Australia,  but  also  in  this 
country.  The  large  yield  of  essential  oils  by  the  different 
species  might  be  turned  to  some  account.  If  not  obtainable 
in  quantities  sufficient  for  exportation  to  England  for  illumi¬ 
nating  purposes,  they  might  be  found  very  useful  were  they 
better  known  amongst  our  perfumers,  for  it  cannot  be  denied 
that  some  of  them  have  a  very  agreeable  odour,  though, 
perhaps,  rather  heavy ;  but  this  is  an  obstacle  easily  got  over 
by  those  whose  business  it  is  to  please  our  smell,  and  who,  in 
these  days,  prepare  most  agreeable  perfumes  from  most  out¬ 
landish  bases.  A  small  collection  of  these  oils  was  exhibited 
in  the  International  Exhibition,  1862,  most  of  which  are  now 
in  the  museum  at  Kew.  They  were  shown  with  a  view  to  their 
adoption  for  dissolving  resin  in  the  manufacture  of  varnish. 
The  stated  price  at  that  time  at  which  they  could  be  supplied 
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was  six  shillings  per  gallon.  In  a  report  of  some  experiments 
made  by  Mr,  Bimmel  the  perfumer  in  scenting  soaps  with  these 
oils,  he  says,  “  Three  ounces  of  the  oil  were  sufficient  to  scent 
very  strongly  eight  pounds  of  soap,  at  a  cost  of  about  one  farthing 
per  pound.5'’  We  have,  therefore,  every  reason  to  think  that 
soapmakers  would  find  great  advantage  in  using  these  new 
essential  oils.  We  can  only  say  that  we  should  be  glad  to  see 
these,  as  well  as  other  vegetable  oils  of  Australia,  become 
articles  of  commerce  in  this  country.  As  regards  the  timber 
of  the  genus  their  durability  is  a  recommendation,  but  their 
extreme  hardness  would  go  against  their  application  for  building 
or  similar  purposes  with  us.  The  colonists  of  Australia,  however, 
use  not  only  the  species  we  have  here  mentioned,  but  all  that 
produce  timber  of  any  applicable  size. 

The  hardness  of  the  woods  of  the  Eucalypti  is  due  of  course 
to  the  greater  density  of  the  vascular  and  cellular  tissues, 
which  is  the  chief  formation  of  all  dicotyledonous  stems,  but  if 
we  examine  cross  sections  of  the  wood  of  the  blue  gum  (Euca¬ 
lyptus  globulus),  teak  (Tectonci  granclis),  or  oak  (Quercus  pedun- 
cnlata),  we  shall  find  that  the  concentric  circles  are  more 
clearly  defined  in  the  oak  than  in  either  of  the  others.  The 
vascular  tissue  forming  part  of  these  annular  rings  is  shown  in 
numerous  little  pits  or  holes,  and  are  much  more  numerous  in 
the  Eucalyptus.  These  fibres  partially  traversing  each  other 
longitudinally,  of  course  give  strength  to  the  wood,  and  the 
more  thickly  the  fibres  are  .disposed,  so  much  stronger  must 
the  wood  be.  The  growth  of  the  cambium  layers,  which,  in 
their  earliest  stages,  are  viscous  semifluid  formations  between 
the  outer  wood  and  the  inner  bark,  and  in  their  action  adding 
to  both,  and  forming  the  alburnum,  or  new  wood  of  the  stem, 
presses  inwardly  upon  the  woody  layers  already  formed,  and 
causes  the  heart  wood  or  duramen  to  become  more  solid,  as 
well  as  of  a  darker  colour.  Though  all  dicotyledonous  stems 
are  formed  in  the  same  way,  in  this  of  the  blue  gum,  where  the 
vascular  fibres  are  in  greater  abundance  than  they  are  even  in 
the  oak  or  teak,  and  where  the  trees  grow  to  such  an  enormous 
size,  and  attain  to  such  a  great  age,  the  strength  and  hardness 
of  the  wood  naturally  folkws ;  besides  this,  the  whole  trunk 
appears  impregnated  with  a  resinous  matter.  Then,  again, 
the  medullary  rays  are  so  close  together,  as  scarcely  to  be  seen 
by  the  naked  eye ;  magnified,  however,  as  in  Fig.  4,  they  exhibit 
themselves  in  a  series  of  fine  lines.  No  woodis  so  well  calcu¬ 
lated  to  show  these  rays,  which  carpenters  call  silver  grain,” 
as  the  oak ;  in  a  transverse  section  of  this  wood  they  are  gene¬ 
rally  very  visible  in  one  unbroken  line  from  the  very  centre  to 
the  circumference  of  the  trunk.  This  is  shown  in  Eig.  8. 

By  comparison  of  the  three  sections  shown  on  the  plate  we 


The  Planet  Saturn. 


247 


arrive  at  tlie  following  conclusions  : — That  in  Eig.  2  (teak)  the 
concentric  circles  are  not  so  wide  as  they  are  in  the  oak,  Eig.  3 ; 
the  teak,  therefore,  derives  greater  strength  in  this  respect, 
but  the  medullary  rays  being  wider  apart,  and  not  so  thick  in 
themselves  as  they  are  in  the  oak,  some  strength  must  here  be 
lost  by  the  teak  and  gained  by  the  oak.  blow  if  we  compare 
the  magnified  section  of  blue  gum,  Eig.  4,  with  either  teak  or 
oak,  we  shall  see  at  a  glance  the  greater  density  of  the  vascular 
fibrous  bundles,  as  well  as  the  innumerable  medullary  rays  and 
the  closeness  of  the  annular  rings.  We  can  thus  account  for 
the  great  strength,  weight,  and  durability  of  these  woods. 
We  have  chosen  oak  and  teak  for  comparison  with  the  Euca¬ 
lyptus,  being  two  well-known  hard  woods. 


THE  PLANET  SATURN. — VARIABLE  STELLAR 
LIGHT.— OCCULTATIOMS. 

BY  THE  EEV.  T.  W.  WTEBB,  A.M.,  F.E.A.S. 

Eew  persons,  we  imagine,  can  ever  have  viewed  Saturn  for  the 
first  time  through  a  powerful  telescope  without  a  feeling  of 
astonishment.  And  a  more  intimate  acquaintance  with  it  will 
only  increase  that  feeling.  Such,  indeed,  is  the  case,  more 
or  less,  with  all  the  works  of  the  great  Creator,  So  far  from 
losing  anything  by  the  minutest  examination,  their  wonder 
grows  upon  the  inquiring  gaze.  Even  objects  of  little  external 
promise,  or  deviating  from  the  generally  received  type  of 
beauty,  when  closely  scrutinized,  invariably  disclose  features 
that  plainly  bespeak  their  Divine  Author,  and  mysteries  that 
baffle  all  man’s  investigation.  But  in  the  case  before  us,  the 
most  graceful  elegance  of  design  is  united  with  a  singularity  of 
arrangement  which  at  once  awakens  a  curiosity,  never  to  be 
satisfied  in  our  present  state  of  existence.  If  we  exclude  the  an¬ 
nular  nebulse,  whose  true  structure  is  so  little  understood,  and 
which  from  other  points  of  view  might  perhaps  present  a  very 
different  aspect,  we  have  no  other  instance  of  a  ring  throughout 
the  visible  universe  ;  If's  suspicion  of  such  an  appendage  to 
the  planet  which  he  discovered  having  been  discarded  by  him¬ 
self,  and  the  conjectured  ring  of  Neptune  being  equally  uncon¬ 
firmed.  And  not  only  does  the  perforation  seem  to  be  unique, 
but  the  flatness  also.  Whether  the  apparent  completeness  of 
level  might  be  borne  out  on  a  closer  approach  may  admit  of  a 
question ;  but  as  compared  with  the  spherical  or  spheroidal 
form  obtaining  everywhere  else,  it  possesses  an  absolutely  ex- 
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ceptional  character.  And,  combined  with  all  this,  if  complexity 
of  structure,  and  extent  of  superficial  area,  and  profusion  of 
attendant  retinue,  may  be  considered  indications  of  intrinsic 
superiority,  then  Saturn  is  the  most  important  of  all  the 
planets,  which  owe  allegiance  to  our  sun.  And  though  in 
earlier  days  its  distance  from  the  source  of  light  and  heat,  and 
the  imagined  ultra- Siberian  character  of  its  climate,  may  have 
been  supposed  to  imply  some  inferiority  to  those  who,  like  our¬ 
selves,  occupy  a  less  remote  position,  yet  a  closer  examination 
of  this  style  of  argument  would  show  it  to  be  inconclusive. 
The  same  mode  of  reasoning  would  advance  Mercury  to  a  pre¬ 
cedence  as  regards  ourselves  which  we  have  no  reason  to  admit ; 
quantities  of  light  are  merely  comparative,  and  its  diminished 
amount  would  be  readily  balanced  by  that  increase  of  sensi¬ 
bility  to  its  action,  which  even  on  the  earth  is  acquired  by  the 
inmates  of  mines  and  dungeons ;  and  the  recent  discoveries  by 
Professor  Tyndall  with  regard  to  the  absorption  of  radiant 
heat  by  aqueous  vapour,  have  shown  the  possibility,  without 
being*  obliged  to  resort  to  any  extravagant  assumption,  of  the 
preservation  of  a  similar  temperature  throughout  very  extended 
limits  of  distance  from  the  sun.  Such  considerations  are,  how¬ 
ever,  after  all,  immaterial.  He  whose  wisdom  is  equal  to  his 
goodness,  has  doubtless  so  fitted  up  that  magnificent  globe  that 
its  inhabitants — and  whatever  may  be  held  to  the  contrary, 
such  we  believe  to  exist — are  as  fully  provided  as  ourselves 
with  everything  necessary,  not  only  for  their  existence,  but  for 
their  happiness.  And  if,  with  faculties  and  powers  of  observa¬ 
tion  at  all  resembling  our  own,  they  look  down  upon  our  globe 
as  a  poor,  insignificant,  ringless,  and  well-nigh  unattended 
habitation,  fit  only  for  beings  of  a  very  inferior  class,  if  indeed 
inhabited  at  all,  while  demurring  to  their  conclusion,  we  could 
scarcely  find  fault  with  the  premisses  from  which  they 
derived  it. 

Every  lover  of  astronomy  in  our  latitudes  must  regret  the 
present  depressed  position  of  Saturn,  while  the  rings  are  gra¬ 
dually  spreading  out  to  their  fullest  extent,  and  about  eighteen 
long  years  have  yet  to  pass  before  their  broadest  development 
will  return  in  a  favourable  position  as  regards  our  northern 
skies.  The  student,  however,  must  be  exhorted  to  watch  care¬ 
fully  lor  those  opportunities  of  clear  and  steady  vision,  which 
recur  from  time  to  time  even  at  low  elevations.  And  perhaps 
the  following  attempt  at  a  detailed  description  of  the  principal 
features  of  the  planet,  even  if  it  should  be  of  less  service  as  a 
guide  in  our  present  unfavourable  circumstances,  may  not  be 
without  its  use  as  a  preparative  for  future  seasons.  In  review¬ 
ing  the  whole  system,  we  shall  commence  with  the  globe,  and 
subsequently  proceed  to  the  rings  and  satellites. 
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THE  GLOBE  OE  BALL. 

1.  Dimensions. — This  is  a  magnificent  spheroid,  inferior 
only,  and  that  in  no  great  degree,  to  Jupiter,  among  the  atten¬ 
dants  of  the  sun.  The  earliest  attempt  with  adequate  instru¬ 
mental  power  to  ascertain  its  magnitude  was  that  of  H  in 
1789.  His  result,  however,  which  when  reduced  to  the  planet's 
mean  distance,  gave  20//,196  for  the  equatorial  diameter,  is 
now  knowm  to  be  too  large.  Bessel  gives  several  reasons  for 
ascribing  it  to  the  irradiation  of  the  reflector,  which  he  thinks 
must  have  been  greater  than  that  of  his  own  achromatic,  but 
admits  a  difficulty  (a  serious  if  not  fatal  one)  attached  to  that 
supposition  in  accounting  for  the  definition,  in  such  a  telescope, 
of  the  minute  divisions  of  the  ring.  The  micrometer  was  more 
probably  in  fault.  Schroter's  subsequent  measure 
though  better,  was  still  but  an  approximation.  S  ( i .  e.,  Wil¬ 
helm  Struve,  or  Struve  I.)  next  attacked  the  object  with  the 
Dorpat  achromatic,  the  first  large  instrument  of  that  class,  and 
the  last  completed  by  Frauenhofer,  having  an  object-glass  of 
9 *6  inches,  and  great  optical  perfection;  with  this  he  made 
it  17//-991.  Bessel,  between  1830  and  1833,  employing  the 
so-called  heliometer,  or  more  properly  divided  object-glass,  at 
Konigsberg,*  found  it,  from  seventy  observations,  only  17//*053. 
The  principal  measures  of  more  modern  times  are,  Jacob, 
17"*94 ;  Galle,  17//*906  ;  Secchi,  17//ffi61  ;  He  la  Rue,  17"*66; 
Struve  II.,  ll^ffi  ;  Main,  17"*5.  These  measures  are  not,  in¬ 
deed  exactly  accordant,  but  if  we  allow  them  all  equal  weight, 
omitting  IjRs  and  Schr.'s  as  deviating  too  widely,  the  mean, 
17//,664,  will  differ  from  the  greatest  value  only  by  0//,827,  a 
quantity  too  small  to  affect  sensibly  our  ideas  of  the  planet's 
magnitude.!  This,  from  the  last  obtained  value  of  the  solar 
parallax  (8//,9159)  would  give,  in  round  numbers,  74,700 
miles  for  the  equatorial  diameter,  absolutely  dwarfing,  in  com¬ 
parison,  the  7926  miles  beneath  our  own  feet. 

2.  Fllipticity  or  Polar  Flattening. —  This  characteristic  of 
many  planetary  globes  is  developed  most  largely  of  all  in 
Saturn,  and  will  be  very  apparent,  especially  when  the  thin¬ 
ness  of  the  ring  prevents  its  interference,  even  with  small 
apertures  and  moderate  magnifying  powers.  The  axis  of  the 

*  This  was  the  first  of  these  instruments  that  had  been  constructed  of  sufficient 
size  to  meet  the  advancing  demands  of  astronomy.  Its  aperture  was  6'2  inches, 
and  its  focal  length,  8-5  feet,  and  so  complicated  were  its  adjustments,  that  for 
its  transport  from  the  workshop  of  Merz,  at  Munich,  to  its  destination,  no  less 
than  twenty-seven  packing-cases  were  employed. 

f  The  above  determination  is  less  accurate  than  it  may  appear,  from  the  in¬ 
evitable  allowance  of  equal  weight  to  all  the  values.  I  have  subsequently  been  most 
obligingly  favoured  by  Mr.  Dawes  with  his  own  hitherto  unpublished  results,  the 
mean  of  a  large  and  very  accordant  set  of  observations,  17"'421.  The  difference 
between  this,  and  the  amount  in  the  text,  is,  for  all  practical  purposes,  immaterial. 
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planet  being  very  much  inclined  (63°  10'  32//*13),  tbe  compres¬ 
sion  will  of  course  be  greatly  masked,  excepting  when  the 
earth  is  in  the  plane  of  the  Saturnian  equator,  and  the  poles  are 
projected  on  the  limb  ;  at  other  times  we  should  measure,  not 
the  value  of  the  polar  axis,  but  that  of  a  line  joining  two 
points  where  the  compression  does  not  attain  its  full  amount. 
Hence  the  apparent  will  always  exceed  the  true  ellipticity,  ex¬ 
cepting  about  the  time  of  the  disappearance  of  the  ring,  the 
plane  of  which  is  identical  with  that  of  the  equator.  The  pub¬ 
lished  measures  of  several  of  our  best  observers  are,  therefore, 
not  available,  havingbeen  taken  at  other  epochs,  and  not  hitherto 
reduced  to  their  polar  value :  the  following,  however,  are  the 
results  of  direct  or  reduced  measurement  : — -  ttHt  ;  Bond, 
tt-tt  1  Hassell,  ttTt  j  Hussey,  De  la  Eue,  5  Main 

(Greenwich),  -y.-jW  j  Bessel,  The  discrepancy  is  greater 

than  might  have  been  expected,  and  shows  that  a  larger  num¬ 
ber  of  measures  are  still  required  to  obtain  a  satisfactory  mean. 
Hawes  has  pointed  out  one  source  of  difficulty,  especially  with 
the  heliometer,  and  double-image  micrometer,  in  the  feebler 
light  of  the  polar  regions ;  and  thinks  such  great  amounts  of 
compression  irreconcileable  with  the  planet's  appearance,  re¬ 
marking  that  “  the  eye  may  sometimes  be  trusted  more  than 
the  micrometer." 

3.  Abnormal  form  of  the  ball.  This,  though  now  considered 
illusory,  attracted  so  much  notice  in  its  day,  that  it  should  not 
be  omitted  here,  especially  as  there  is  no  improbability  in  its 
occasional  recurrence.  In  April,  1805,  when  the  ring,  which 
had  been  invisible  less  than  two  years  before,  had  not  as  yet 
widely  opened,  lj[  was  struck  with  the  singular  appearance  of 
the  planet,  exhibiting  an  equatorial  as  well  as  polar  flattening ; 
these  regions  appearing,  comparatively,  almost  rectilinear,  and 
the  points  of  greatest  curvature,  or  those  through  which  the 
longest  diameters  would  pass,  being  fixed,  after  repeated  and 
fairly  agreeing  measures  of  position,  in  lat..43°  20k  Of  the 
reality  of  this  appearance  the  illustrious  observer  seems  to 
have  entertained  no  doubt;  and  few  would  be  bold  enough  to 
question  the  competency  of  his  testimony.  There  seem  to  be 
only  four  ways  of  accounting  for  it.  It  must  either  have 
arisen  from  a  temporary  change  of  form  ;  or  from  a  distorted 
telescopic  image ;  or  from  atmospheric  influence ;  or  from 
optical  illusion.  The  first  solution,  if  not  a  physical  impos¬ 
sibility,  is  too  improbable  to  be  admitted,  excepting  on  the 
most  compulsory  evidence  :  the  second  is  negatived  by  the 

*  Bessel’s  own  determination  -was  Tn.^y.  But  this,  singularly  enough,  was 
a  mean  obtained  from  measures  many  of  which  were  unreduced  to  their  normal 
value  ;  and  Main  found,  when  polar  measures  alone  were  retained,  that  they  gave 
the  amount  specified  in  the  text. 
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great  care  taken  by  the  observer  to  employ  a  variety  of  in¬ 
struments^  of  7,  10,  20,  and  even  40  feet,  as  well  as  to  observe 
simultaneously  the  form  of  Jupiter,  which  showed  no  dis¬ 
tortion  :  the  third  would  have  been  too  uncertain  and  transi¬ 
tory  :  it  only  remains  for  us  to  infer  that  when  outlines  of 
dissimilar  degrees  of  curvature,  inclination,  and  brightness 
approach  or  intersect  each  other,  the  judgment  of  the  eye  is 
liable  to  be  misled.  And  we  have  no  reason  to  suppose  that 
this  was  a  peculiarity  of  this  great  astronomer.  Schroter 
probably  referred  to  it  when  he  stated  that  with  his  13-ft.  re¬ 
flector  he  saw  Saturn  1803,  Aug.  5,  not  everywhere  spheroidal : 
and  Kitchener  tells  us  that  he  perceived  the  form  described  by 
with  two  achromatics,  for  a  few  months  only,  after  occasional 
observations  during  nearly  thirty  years,  in  the  autumn  of 
1818,  when  the  ring  must  have  been  very  narrow,  as  its  edge 
was  turned  towards  us  in  March  of  the  following  year.  The 
Astronomer  Royal,  too,  had  on  one  occasion  a  similar  im¬ 
pression  ;  though  at  another  time  the  reverse,  that  of  a  flat¬ 
tening  iu  lat.  45°,  and  cites  the  instance  of  a  person  unacquainted 
with  %Ps  observation,  who  made  spontaneously  the  same 
remark  as  to  a  flattened  equator. 

Something  of  a  similar  nature,  too,  has  been  very  recently 
repeated.  In  Jan.,  1855,  when  the  ring  was  near  its  widest 
expansion,  Coolidge,  one  of  the  observers  with  the  great 
American  achromatic  of  14*95-in.  aperture,  imagined  on  some 
nights  that  the  greatest  diameter  of  the  globe  was  inclined 
about  20°,  though  on  the  9th  the  equatorial  seemed  the 
greatest  ,•  and  on  Dec.  6th  he  says,  “  I  cannot  persuade  myself 
that  it  is  an  optical  illusion  that  makes  the  maximum  diameter 
of  the  ball  intersect  the  limb  at  half  way  between  the  N. 
edge  of  the  equatorial  belt  and  the  inner  ellipse  of  the  bright 
ring  BP  In  the  Report  of  the  Greenwich  Observatory  for 
1860-61,  it  is  also  stated  that  <e  Saturn  has  sometimes  appeared 
to  exhibit  the  square-shouldered  figured'’  Other  somewhat 
analogous  phenomena  have  been  noted  at  the  American  obser¬ 
vatory.  1848,  July  11.  Bond  II.  says,  “the  ball  of  the  planet 
seems  to  be  most  flattened  at  the  N.  pole  P  and  his  father, 
Aug.  29,  “  the  ball  does  not  appear  to  be  symmetrical,  but  is 
flattest  at  the  N.  poled-’  This  was  during  the  disappearance  of 
the  ring.  On  the  other  hand,  four  times  during  1855  and 
1857,  when  it  was  very  widely  opened,  it  is  recorded  that  the 
apex,  or  greatest  projection  of  the  antarctic  region  upon  the 
outermost  ring  lay  to  the  apparent  left  of  the  position  of  the 
pole,  as  shown  by  the  form  of  the  belts  :  once,  the  reverse 
way  :  and  once,  exactly  coincident.  The  outline  of  this  region 
also  occasionally  appeared  irregularly  flattened  and  distorted, 
from  its  juxtaposition  with  the  black  unconformable  shadow 
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upon  the  ring  :  and  a  similar  illusion  was  noticed  by  the  late 
G\  P.  Bond  (or  Bond  II.)  on  two  nights  in  1857,  when  the 
close  approach  of  the  shadow  of  the  ball  to  the  extreme  edge 
of  the  ring  caused  the  outline  of  the  latter  to  be  conspicuously 
deflected  as  though  to  meet  it.*  Independently  of  deceptions 
of  this  nature,  the  liability  of  even  an  accurate  and  practised 
eye  to  be  influenced  by  the  mere  oblique  position  of  an  ellip¬ 
tical  outline  was  evident  in  the  case  of  Schroter,  who  thought 
he  perceived  partial  flattenings  of  the  disc  of  Jupiter,  sub¬ 
sequently  proved  to  be  illusory  by  the  heliometric  measures  of 
Bessel. f  In  conclusion,  we  have  to  remark  that  however 
unpleasant  it  may  be  to  have  to  admit  such  a  degree  of  falli¬ 
bility  in  our  vision,  the  measures  of  Bessel  during  the  disap¬ 
pearance  of  the  ring  in  1832,  and  those  of  Main  at  a  similar 
epoch  in  1 848,  have  been  considered  conclusive  as  to  the  un¬ 
real  character  of  this  “  square- shouldered”  form,  and  that  it 
has  been  pronounced  by  the  Astronomer  Boyal  irreconcileable 
with  the  theory  of  gravity. 

4.  Belts.  These,  though  not  very  conspicuous  features, 
are  sufficiently  visible,  even  with  very  small  telescopes ;  an 
aperture  of  two  inches  being  sufficient  to  indicate  their  exist¬ 
ence.  Their  analogy  with  those  of  Jupiter  is  evident  at  the 
first  glance;  and  their  almost  undeviating  direction  parallel  to 
the  equator,  as  well  as  their  frequent  and  very  extensive 
changes,  sufficiently  indicate  their  vaporous  origin.  Upon  the 
probable  assumption  that  the  dark  streaks  are  the  real  surface 
of  the  planet,  their  diversified  colour  would  indicate  a  less 
uniform  arrangement  of  materials  on  the  body  of  Saturn  than 
on  that  of  his  larger  neighbour ;  though  it  must  be  borne  in 
mind  that  the  considerable  inclination  of  Saturn’s  axis  brings 
his  polar  regions  distinctly  into  view,  while  those  of  Jupiter 
always  remain  withdrawn  into  an  extreme  foreshortening.  At 
any  rate,  the  contrast  of  hue  between  the  equatorial  and  the 
polar  districts  of  Saturn  suggests  a  difference  of  character  to 
which  no  terrestrial  analogy  offers  us  any  clue  ;  but  this  is  not 
matter  of  surprise,  when  we  consider  the  wide  dissimilarity  in 
the  conditions  of  existence.  With  a  bulk  somewhat  about 
750  times  that  of  the  earth;  with  a  density,  on  the  contrary, 
only  three-quarters  that  of  water — so  that  it  would  float  like  a 
cork  on  a  sufficiently  extensive  ocean ;  with  an  amount  of  light 
equal  to  little  more  than  one-hundredth  of  our  own,  it  is 

#  Something  of  the  kind  was  seen  in  1843  by  De-Vico  at  Rome  with  the 
6t-in.  achrom.  in  the  ring,  which  he  describes  as  having,  at  times,  irregular  or 
partially  misshapen  ansee.  But  these  observations  are  not  equal  to  the  American 
in  point  of  accuracy. 

f  An  interesting  illustration  of  a  somewhat  similar  illusion  is  given  in  our 
last  No.,  p.  223,  under  the  title  of  “  Deceptive  Figures.” 
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evident  that  no  speculation  as  to  its  materials  and  structure 
can  lead  to  even  a  plausible  conclusion.  The  fact,  however, 
is  certain,  whatever  it  may  mean,  that  there  is  a  decided 
difference  of  tint  between  the  zones  of  lower  and  hiarher 
latitudes,  the  latter  being  of  a  bluish  or  greenish  grey,  the 
former  being  occupied  by  one  or  more  broad  bands  of  a  faint 
brown  or  ruddy  cast. 

This  varied  colouring  has  been  especially  recorded  by  Lassell, 
Secchi,  Dawes,  and  Bond  II.,*  and  was  beautifully  brought 
out  1855,  Dec.  7,  in  the  magnificent  10-ft.  Newtonian,  the 
workmanship  of  Mr.  De  la  Hue,  when  I  was  kindly  favoured 
by  that  gentleman  with  such  a  sight  of  the  planet  as  forms  one 
of  the  memorable  events  of  life.  The  pole  itself  is  sometimes 
marked  by  a  lighter  tinge,  but  often  is  dusky,  and  occasionally 
exhibits  an  extremely  sombre  hue,  indicating  probably  the 
clearness  of  its  sky,  and  at  no  time  does  it  seem  that  any 
defined  or  contrasted  snowy  brightness,  such  as  brings  out  the 
poles  of  Mars,  has  been  noticed  there.  On  the  contrary,  the 
most  luminous  part  of  the  globe,  if  not  of  the  whole  system, 
is  a  broad  white  or  yellowish  girdle  encompassing  the  equator, 
which  has  been  erroneously  referred  to  reflection  from  the 
ring',  but  is,  in  all  likelihood,  as  in  Jupiter,  a  dense  tract  of 
vapour.  The  strong  inclination  of  the  axis  of  Saturn  to  its 
orbit,  which  is  given  at  63°  10'  32"  *13,  very  little  differing 
from  our  own,  66°  32"  36",  must,  from  analogy,  be  supposed 
to  indicate  a  very  decided  change  of  seasons,  which,  it  might 
fairly  be  supposed,  would  be  attended  with  a  periodical  varia¬ 
tion  in  the  disposition  of  the  belts ;  but  beyond  a  remark  of 
Ijl,  who  thought  that  the  polar  regions  were  whiter  after  they 
had  emerged  from  wintry  darkness,  no  observations  seem  to 
have  been  especially  directed  to  this  interesting  inquiry.  Were 
the  white  belt  simply  due  to  the  action  of  the  sun,  it  may  be 
thought  that  it  would  change  its  position,  or  at  least,  its  extent, 
with  the  varying  position  of  the  sun  in  the  Saturnian  sky ;  it 
seems,  however,  not  unlikely  that  its  situation  may  be  addi¬ 
tionally  influenced  by  the  vicinity  of  the  ring;  but  it  must  be 
admitted  that  our  experience  of  an  atmosphere,  whose  cloud¬ 
bearing  portion,  at  any  rate,  is  able  to  keep  pace  with  the 
surface  beneath  it,  ill  qualifies  us  for  speculating  on  the  con¬ 
ditions  of  one,  in  which,  from  the  extreme  velocity  of  rotation, 
a  perpetual  E.  wind  seems  universally  to  prevail.  It  is  true 
that  modifications  in  the  direction  of  the  belts,  sometimes 

*  Coolidge,  an  excellent  observer,  with  the  same  great  telescope,  while  fre¬ 
quently  referring  to  the  “  brick-red  ”  tint,  ignores  the  bluish-grey,  an  instance  of 
“  chromatic  personal  equation.”  The  ball  had  an  extraordinary  dark  and  leaden 
colour  as  compared  with  the  ring,  according  to  the  K-oman  observers  1842,  July  3, 
which  had  disappeared  by  the  f>th.  But  they  seem  not  to  have  been  aware  of  the 
long  recognized  inferiority  of  light  of  ring  A  till  some  time  after  this  observation ! 
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amounting  to  15°,  were  noticed  by  H,  and  that  De-Vico  in 
1843  remarked  an  occasional  want  of  parallelism  with  the 
ring;  still  these  exceptions*  though  possibly  attended  with 
decided  consequences  in  the  planet's  climate,  do  not  affect  the 
general  rule.  But,  at  any  rate,  either  from  gradual  and  imper¬ 
ceptible  transfer  by  oblique  currents,  or,  what  is  perhaps  more 
likely,  from  alternate  precipitation  and  solution,  or  from  both, 
these  belts  are  subject  to  many  changes.  Their  aspect  is  at 
times  surprisingly  regular.  ill's  “  quintuple  belt "  of  1/93, 
sufficiently  remarkable  in  this  respect,  has  been  surpassed  in 
later  times.  Under  date  of  1857,  Jan.  30,  Bond  II.  tells  us 
that  “  S.  of  the  broad  dark,  equatorial  belt,  is  a  regular  and 
very  striking  succession  of  light  and  dark  zones ;  indeed  their 
regularity  is  so  great  that  had  I  seen  them  in  an  engraving,  I 
should  have  thought  it  too  precise  to  be  either  natural  or  true.5' 
In  all,  there  were  six  white  zones,  including  the  pole,  and  five 
belts,  in  one  hemisphere.  At  other  times,  this  extraordinary 
regularity  is  less  conspicuous.  Dawes,  1854,  Sept.  26,  found 
that  the  broad  dark  belt  S.  of  the  equator  was  not  of  uniform 
breadth ;  and  were  our  remoteness  less  extreme,  we  should  pro¬ 
bably  often  witness  what  W.  C.  Bond  (Bond  I.)  relates  on  one 
occasion  (1848,  Aug.  29),  that  “the  belts  appear  by  glimpses  to 
be  diversified  like  those  of  Jupiter;5'  and  again  (Oct.  28)  that 
the  edge  of  the  equatorial  band  was  uneven;  and  a  somewhat 
similar  irregularity,  1849,  Nov.  12,  13  : — -or  the  subdivision 
and  dispersion  noted  by  Lassell,  1852,  Nov.  4,  when  the  num¬ 
ber  of  minute  belts  and  stripes  all  over  the  ball  defied  his 
delineating  powers. 

5.  Spots,  or  other  markings.  These  are  much  less  frequent 
than  upon  Jupiter,  as  well  as  less  easy  ofi  observation  from 
distance  and  deficiency  of  light ;  but  on  this  account  they  well 
deserve  remark.  A  very  early  instance,  and  a  very  decided 
one,  considering  the  probable  character  of  the  optical  means 
employed,  is  recorded  in  1683,  when  Cassini  and  Fatio  are 
said  to  have  seen  a  bright  streak,  which  disappeared  the  next 
day,  another  then  becoming  visible  near  the  limb. — 1780,  June 
19.  §  observed  a  dark  cloudy  appearance  not  far  front  the 
centre  of  the  disc ;  and  two  days  subsequently  a  “  strong  dark 
spot,"  probably  the  same,  was  seen  near  the  limb,  which  36m. 
afterwards  was  “not  so  remarkable,"  though  (supposing  his 
figure  to  be  inverted)  further  on  the  disc,  and  therefore 
perhaps  of  as  evanescent  a  character  as  those  of  Jupiter. — 
1796,  1797.  Schr.  and  his  assistant  Harding  noticed  dusky 
moveable  spots. — 1806,  June  9.  IJ  remarked  that  the  brightness 
of  the  N.  polar  regions  was  “  here  and  there  tinged  with  large 
dusky-looking  spaces  of  a  cloudy,  atmospheric  appearance." — 
1847,  Nov.  8.  Schwabe  perceived,  with  a  6-ft.  achromatic,  a 
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dark  cloudy  spot,  similar  to  the  spots  of  Jupiter,  on  the  S.  edge 
of  the  dusky  belt  1ST.  of  the  equator,  extending  somewhat  into 
the  bright  equatorial  zone  [as  those  of  Jupiter  have  been  fre¬ 
quently  observed  to  do],  and  having  a  perceptibly  rapid 
motion. — 1848,  Aug.  29.  Bond  I.  says,  “Towards  the  S.  pole 
an  outline  as  of  a  continent  is  discernible and  during  this 
autumn,  with  the  same  telescope,  there  are  notices  on  three 
other  nights,  of  a  faint  diversified  appearance  of  the  S.  hemis¬ 
phere,  which  seems  to  have  offered  a  contrast  to  the  “hooded  ” 
style  of  the  N.  in  this  respect.  The  sun,  it  may  be  remarked, 
was  at  this  time  passing  from  the  N.  to  the  S.  side  of  the 
planet,  And  the  former  had  been  receiving  the  greater  share  of 
his  influence  for  half  the  Saturnian  year.  And  with  this  we 
may  connect  an  observation  of  Bond  II.,  who  remarked,  1849, 
Nov.  16,  the  bluish-white  hue  of  the  N.  pole  as  compared 
with  the  more  golden  tinge  of  the  S. — 1848,  Sept.  9  and  10. 
Busch  and  Luther,  at  Konigsberg,  saw  a  bright  round  spot 
near  the  S.  limb  (singularly  enough,  the  planet  was  observed 
on  Sept.  8  and  11  in  America,  but  not  on  the  nights  in  ques¬ 
tion).  The  earth  was  in  the  plane  of  the  equator  on  13,  so 
that  it  could  not  have  been  a  white  polar  cap. — 1852.  Jacob,  at 
Madras,  found  mottlings,  and  slight  cloudy  patches,  especially 
towards  the  pole.  Nov.  4.  Lassell  detected  a  number 
of  minute  and  exquisite  markings,  in  addition  to  three  bluish- 
green  belts,  on  the  S.  portion  of  the  ball. — 1856,  March  27. 
Coolidge  noticed  a  narrow  “penumbra^  E.  of  the  polar  cap. 
Dec.  1.  Bond  II.  found  a  dark  irregular  streak  on  the  limb 
close  to  the  S.  pole. — 1858,  Jan.  lid.  lOh.  30m.,  and  14d.  llh. 
20m.  Dawes  observed  a  well-marked  light  spot  a  little  past 
the  axial  line  at  40°  or  45°  S.  lat.  April  17.  Lassell  noticed  a 
pretty-well  defined  bright  area  of  some  magnitude.  To  the 
above  may  be  added  the  mention  by  the  American  observers, 
on  two  occasions,  of  a  mottled  texture  in  the  dusky  equatorial 
belt,  and  the  darker  markings  of  the  same  part  shown  in  one 
of  the  beautiful  views  of  De  la  Hue,  1856,  March  27. 

6.  Reflective  Atmosphere.  To  the  abundant  indications  which 
these  facts  afford,  of  the  existence  of  a  gaseous  envelope  of 
varying  density  and  temperature,  IjE  would  have  added  another, 
that  of  refractive  power,  finding  that  the  satellites,  when  pas¬ 
sing  behind  the  globe,  hung  on  the  limb  a  long  time  before 
they  vanished,  the  retardation  actually  amounting  to  20m.  in 
the  instance  of  Mimas  (the  innermost),  and  14m.  or  15m.  in  that 
of  Enceladus.  But  this  observation  has  not  been  confirmed; 
nor,  indeed,  does  the  case  carry  with  it  much  primd  facie  pro¬ 
bability,  as  so  great  a  depth  of  refracting  medium  would  neces¬ 
sarily  distort  the  outline  of  the  ring  when  it  makes  an  acute 
angle  with,  and  behind,  that  of  the  ball,  an  effect  to  which 
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allusion  has  never  yet  been  made.  The  presence,  however,  of 
an  atmosphere  of  considerable  density,  though  not  of  a  depth 
perceptible  at  the  distance  of  the  earth,  is  suggested  in  another 
more  probable  way,  by  means  of  reflection.  The  American  astro¬ 
nomers  have  on  many  occasions  recorded  the  deeper  colour  of 
one  or  more  of  the  dusky  bands  in  their  central  portion,  and 
the  occasional  impossibility  of  tracing  them,  or  some  of  them, 
as  far  as  the  limbs ;  these  appearances,  the  latter  of  which  at 
least  is  well  known  to  the  observers  of  Jupiter,  evidently  point 
to  the  existence  of  an  imperfectly  transparent  atmosphere.  In 
one  instance  Bond  II.  records  having  seen  the  planet  brighter 
at  the  edges  than  the  centre ;  and  of  this  Chacornac  obtained 
a  more  direct  proof  with  the  largest  telescope  in  the  Paris 
observatory,  from  the  aspect  of  Titan  (the  principal  satellite) 
during  its  transit  across  the  ball,  1862,  May  1 ;  this  pheno¬ 
menon,  the  reverse  of  that  presented  by  the  disc  of  Jupiter,  is 
referred  by  that  observer  to  the  difference  of  the  two  atmos¬ 
pheres  in  reflective  power. 

7.  Rotation .  ■ —  Several  of  the  previous  evidences  of  an 
atmosphere  are  equally  proofs  of  axial  movement,  and  that  of  a 
rapid  character,  change  of  place  having  been  perceptible  in  the 
spots  during  very  brief  periods  of  observation.  From  the  in¬ 
frequent  occurrence,  however,  and  transitory  nature  of  any 
defined  markings,  few  astronomers  have  attempted  to  deduce  a 
diurnal  period,  and  fewer  still  have  done  so  with  any  approach 
to  success.  Huygens  inferred  it,  as  in  Jupiter,  but  only  from 
the  motions  of  the  satellites.  Whence  Bugge  got  his  strange 
results  of  5h.  59'4m.  and  6h.  4*3m.  does  not  appear,  Caland- 
rellfis  llh.  39m.  from  the  ellipticity,  is  precarious.  Schroter 
and  Harding"s  three  values  in  1796  and  1797,  llh.  51m.,  rather 
more  than  l2h.,  and  llh.  40m.  30s.  are  thought  inferior  to 
those  of  Ijl,  who,  from  observations  in  1793  of  the  aspect  of 
different  portions  of  his  “  quintuple  belt/"  composed  of  three 
dark  and  two  bright  bands,  which  varied  somewhat  in  definition 
and  distance,  deduced  several  closely -agreeing  periods,  the 
most  satisfactory  of  which  was  lOh.  16m.  0.44s/  On  one  occa¬ 
sion,  Dec.1 12,  he  was  enabled  to  trace  the  rotation  through  an 
arc  of  329®  and  he  thought  it  improbable  that  his  result  could 
be  in  error  2m.  either  way.*  Dawes"  s  spot  in  1858  would,  how¬ 
ever,  give  a  period  of  about  8m.  longer.  The  received  result 
admits,  it  may  be  concluded,  of  improvement,  but  it  will  pro¬ 
bably  not  be  modified  to  any  very  important  extent. 

The  Bing-System. 

This  marvellous  appendage,  when  fairly  opened  out  in  the 
*  H.  lias  given  lOh.  29m.  17s.,  but  it  does  not  appear  upon  what  authority. 
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course  of  the  planet's  annual  revolution,  is  too  conspicuous  to 
escape  notice  even  with  telescopes  of  very  inferior  dimensions. 

1  have  myself  seen  the  anste  with  a  common  little  hand-glass, 
aperture  only  l-Hinch,  and  power  about  20,  so  that  it  is  not 
surprising  that  Galileo,  with  his  power  of  33,  should  have 
perceived  what,  as  an  unknown  object,  conveyed  the  impres¬ 
sion  of  a  triple  globe.  It  is,  in  fact,  more  to  be  wondered  at 
that  none  of  the  observers  before  Huygens  caught  at  its  real 
nature,  since  their  figures,  uncouth  and  queer  as  they  are,  are 
some  of  them  sufficiently  suggestive  of  the  truth.  Our  re¬ 
marks  upon  its  structure  and  peculiarities  as  a  whole,  will  find 
a  more  convenient  place  after  we  have  given  some  account  of 
it  in  detail.  We  shall  begin  with  the  outer  zone,  which  in 
accordance  with  the  suggestion  of  Struve  II.  is  now  usually 
designated  as  ring  A. 

I.  Ring  A. 

1.  Dimensions.  This,  the  most  surprising  annulus  of  all,  if 
we  take  into  account  the  combination  of  external  circumference 
with  thinness,  was  measured  at  its  outside  by  Iji,  46//'677 ; 
so  much  in  excess  that  the  micrometer  must  have  been  in  fault. 

2  made  it  40"’ 095;  Jacob,  ^’''^7-,  De  la  Rue, 

Main,  39r/* 72  *  Kaiser,  39,/,515;  Bessel,  39//*4;  Bond,  39"*35.* 
The  mean  of  these  modern  values  is  39//*7,  equalling  in  round 
numbers  168,000  miles,  whence  results  a  circumference  of 
528,000  miles ;  an  amazing  circle,  which  an  express  train,  at  a 
continuous  speed  of  60  miles  per  hour,  would  not  quite  com¬ 
pass  in  a  year.  How  difficult  it  is  to  realize  this,  in  gazing  at 
that  ellipse  which  looks  so  small  in  our  telescopic  field  !  From 
a  mean  of  Jacob's  measure  of  the  interior  diameter,  35//*82  ; 
He  la  Rue’s,  35/x*33  j  and  2's,  35"*289,  we  get  the  correspond¬ 
ing  amount  about  150,000  miles,  and  the  breadth  (half  the 
difference)  9,000  miles. 

2.  Reflective  power.  Though  by  no  means  a  feeble  object, 
its  inferiority  in  brightness  to  its  neighbour  is  very  evident,*  and 
has  been  remarked  almost  ever  since  the  discovery  of  its  separate 
existence.  We  find  it  noticed  by  Cassini  in  1676,  who  com¬ 
pared,  with  little  appositeness,  the  relative  luminosity  of  the 
two  rings,  A  and  B,  to  that  of  polished  and  unpolished  silver. 

I  have  even  seen  it  with  only  2| -inches  of  aperture,  and  it 
appears  to  be  a  permanent  characteristic.  The  American  ob¬ 
servers  ascribe  to  it  a  bluish  tinge,  and  have  noted  differences 
in  its  aspect  which  will  be  subsequently  particularised. 

*  Additional  pleasures  by  other  observers,  or  the  same  at  other  epochs,  might 
be  given;  but  the  above  are  quite  sufficient  for  the  purpose  of  showing  the  nature 
and  the  limits  of  micrometrical  work.  The  remaining  uncertainty  renders  it 
better  to  give  the  miles  in  round  numbers  only. 

VOL.  IX. — NO.  IV. 


S 


258 


The  Planet  Saturn. 


8.  Subdivisions  or  Markings.  It  was  stated  by  Lalande, 
that  Short.,  a  most  celebrated  maker  of  reflecting  telescopes, 
who  died  in  1768,  had  seen,  about  the  middle  of  the  last 
century,  with  a  1  2-foot  reflector,*  this  outer  ring  subdivided 
by  several  lines.  This  observation  was  never  confirmed  by  Ijl, 
who  seems  to  have  thought  the  alleged  fact  improbable. 
However,  Gruithuisen  says  that  on  two  nights  in  1814  he  saw  a 
division  on  this  ring  with  a  Frauenhofer  of  less  than  34-inches ; 
and  in  December  1823,  Quetelet,  of  Brussels,  in  trying  an 
achromatic  by  Cauchoix  of  10j--inch.es  at  Paris,  perceived  a 
similar  appearance.  Two  years  afterwards  Oapt.  Kater,  in  ex« 
amming  Saturn  with  a  power  of  280  on  a  very  beautiful  New¬ 
tonian  reflector,  by  Watson,  of  6J-inches  aperture  and  40- 
inches  focus,  saw  it  “  separated  by  numerous  dark  divisions, 
extremely  close,  one  stronger  than  the  rest  dividing  the  ring 
about  equally.”  Another  very  good  reflector,  by  Dollond, 
6 f -inches  aperture,  failed  to  show  this  then,  but  it  gave  a 
similar  though  less  distinct  image  on  two  subsequent  nights. 
When  so  clearly  seen  (1825,  Dec.  17),  the  ring  “  appeared  to 
be  divided  into  two  parts,  nearly  equal,  by  a  strong  black  line, 
and  each  part  to  be  subdivided  into  at  least  two  others  by 
fainter  black  lines. ”  A  friend  compared  these  markings  to 
u  coarse  line  engraving,”  without  specifying  any  predominant 
division  among  the  six  which  he  drew;  another,  with  the 
focus  unfortunately  not  adjusted,  saw  only  the  one  stronger 
line.  Prom  the  iu visibility  of  these  markings  at  other  times 
Hater  inferred  their  variable  nature.  This  may  be  deemed  the 
more  probable  since  2  with  a  (nominal)  power  of  540  on  the 
great  Dorpat  achromatic  could  perceive  no  division  in  L  826  ; 
and  a  still  more  striking  testimony  to  the  same  effect  was 
borne  by  H.  who  says,  “  I  was  fortunate  enough,  on  the  4th  of 
April  last  (1830),  to  procure  a  view  of  Saturn  in  the  20-ft. 
reflector,  such  as  I  never  again  expect  to  obtain.  Nothing' 
could  exceed  the  perfection  of  definition  of  the  body,  ring, 
belts,  and  satellites,  with  a  power  of  320,  and  the  whole 
aperture  of  18f -inches  open.  *  *  *  Not  the  least  trace 
of  a  subdivision  of  the  ring  into  more  than  two  could  be  seen, 
though  I  looked  for  it  with  all  possible  attention,  and  with  all 
powers  and  apertures.”  Yet  even  after  this,  the  missing 
objects  were  to  turn  up  again.— 1887,  April  25.  Encke,  at 
Berlin,  with  a  telescope,  the  fellow  of  that  at  Dorpat,  perceived 
a  minute  dark  streak  on  each  ansa  (or  broad  end)  of  A. 
May  28th.  He  measured  its  distance  l//#485  from  the  outer, 

*  This  admirable  workman  made  several  Gregorian  reflectors  (the  fashionable 
construction  of  the  day)  of  this  ;  one  for  Lord  Spencer,  in  1743,  which  cost 
600  guineas;  another  in  1752  for  the  King  of  Spain,  for  which,  with  the  whole 
apparatus,  ho  received  £1200,  This  was  the  noblest  instrument  of  its  day.  It 
would  be  matter  of  curiosity  to  ascertain  its  present  condition. 
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O''*  715  from  the  inner  edge  of  the  ring,  (as  reduced  to  mean 
distance  from  the  earth).  And  from  him  this  division  has 
been  commonly  designated. — 1838.  May  to  August  (and  again 
1839,  1840,  1842,  1843),  De-Vico  and  others  with  the  64-inch 
Cauchoix  at  Rome  saw  it  repeatedly  and  distinctly.  June  15 
and  25.  Galle  at  Berlin  glimpsed  it,  especially  on  the  ansa. 
— 1839,  June  10.  He  caught  it  again. — 1841.  Schwabe  saw  it 
out  of  thirty  observations  with  a  6-ft.  achromatic  on  four  oc¬ 
casions,  July  26,  Aug.  10,  17.  OnE.  ansa  alone;  Sept.  10.  On 
W. — 1843,  Sept.  7.  Dawes  and  Lassell,  with  the  9-inch  re¬ 
flector  of  the  latter,  both  saw  it  in  a  hazy  sky  (frequently  very 
favourable  to  definition,  by  the  testimony  of  many  of  our  best 
observers).  It  was  visible  on  both  ansae,  rather  outside  the 
middle  of  the  ring,  and  seemed  4  of  the  breadth  of  the  prin¬ 
cipal  division  to  D ;  scarcely  so  much  to  L. — 1845,  Sept.  Hind 
had  a  distinct  view  of  it  with  Mr.  Bishop's  74-inch  achromatic. 
— 1851.  It  was  twice  suspected  by  Schmidt.  Sept.  2.  Secchi 
found  some  traces  of  it  with  63  inches.  Sept.  9,  10.  In  the 
finest  weather,  Lassell,  with  22  inches  of  reflecting  surface, 
received  the  impression  that  the  ring  was  striped  or  marked, 
but  not  divided.  Sept.  15.  With  an  image  of  great  beauty, 
and  powers  170  to  1100,  it  was  not  visible  to  Hartnup  in  the 
Liverpool  achromatic  of  84-inches :  Dawes,  however,  on 
several  nights  this  autumn  saw  it  on  both  ansae  with  his 
64-inch  object-glass  as  a  very  narrow  black  line,  when  best 
seen  “  far  too  dark,  narrow,  and  sharply  defined  to  be  merely 
a  shading  or  a  belt it  was  considerably  nearer  the  middle 
of  A  than  a  dark  line  seen  last  year,  and  very  nearly  placed 
as,  but  much  narrower  than,  Encke's  division  of  1837  and 
1838  as  figured  by  himself.  hTov.  12.  Fletcher  and  Pafctinson 
with  a  74-in.  object-glass  both  saw  it  at  intervals,  nearest  outer 
edge. — -1852.  Lassell,  with  the  24-inch  speculum,  and  in  the 
Maltese  sky,  found  no  division  on  A,  though  usually  a  lighter 
band  at  the  inner  edge,  4  of  its  breadth :  sometimes  the 
light  would  shade  off  uniformly  outwards,  at  others  it  would 
brighten  up  again,  though  in  a  less  degree,  at  the  exterior  edge 
of  the  ring.  Sept.  25.  Dawes,  with  admirable  distinctness, 
though  through  considerable  fog,  saw  a  very  narrow  dark  line, 
a  little  exterior  to  the  middle  :  the  outer  being  less  luminous 
than  the  inner  portion,  and  the  brightest  part  being  close  to  the 
innermost  edge.  Last  year  and  this,  he  sees  this  narrow  dark 
line;  which  Bond,  X,  and  Lassell  have  failed  to  detect  with 
their  much  larger  instruments  ;  and  he  makes  the  following 
important  remark  :  “Is  it  not  possible  that  in  telescopic,  as 
well  as  in  microscopic,  observations,  a  certain  quantity  of  light 
may  be  the  most  favourable  for  the  discerning  of  extremely 
narrow  dark  lines  on  a  luminous  ground  ?  Certainly,  in  my 
own  telescope,  such  delicate  phsenomena  are  not  most  plainly 
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seen  when  the  planet  is  most  brilliant ,  but  rather,  as  on  the 
exquisite  night  of  Oct.  26,  1851,  when  the  heavenly  bodies 
are  shorn  of  much  of  their  usual  splendour.”  This  observa¬ 
tion  suggests  the  enquiry,  whether  under  some  circumstances 
a  pale  screen-glass  might  not  have  a  good  effect  in  such 
delicate  researches.  Jacob,  at  Madras,  with  6‘25  inches  aper¬ 
ture,  sees  a  division  round  more  than  half  the  circumference, 
its  breadth  being  J  or  £  of  that  of  the  great  division,  say  0"*!, 
and  its  position,  by  the  micrometer,  0"’91  from  the  outer, 
from  the  inner  edge.  This,  therefore,  if  such  minute 
measurements  can  be  trusted,  was  not  in  the  position  of 
Encke’s  division. — 1852,  Nov.  De  la  Hue  executed  a  magnifi¬ 
cent  representation  of  Saturn,  in  which  there  is  a  division 
immediately  exterior  to  a  very  narrow  bright  band,  occupying 
the  centre  of  A.  Nov.  29.  Bond  II.  thought  A  appeared  as  if 
its  light  and  shade  were  a  repetition  of  those  on  B.  Dec.  1. 
The  same,  with  a  seam  on  A,  and  its  edge  touched  with 
whiter  light. — 1853.  Hind  saw  a  division  rather  outside  the 
middle,  plainest  on  E.  side.  Oct.  24.  Dawes  traced  it  a  long 
way  round,  just  outside  the  middle,  precisely  as  last  year. 
Dec.  15.  Bond  II.  perceived  it  as  a  division,  shading,  or  seam; 
A  was  brightest  at  its  inner  edge. — 1854,  Eeb.  13.  After 
several  suspicions,  Breen  and  another  observer  saw  it,  obvious 
and  distinct,  in  the  great  Northumberland  telescope  at  Cam¬ 
bridge,  with  which  Challis  had  perceived  it  twice  before  (1842 
and  1845). — 1854-5.  Dawes,  with  his  A.  Clark  of  74-in.,  found 
the  inner  edge  of  A  brightest ;  and  towards  the  middle  a  very 
dark  narrow  well-defined  pencil-line,  which,  Nov.  26,  was 
traced  more  than  half-round,  and  well  seen  wTith  powers  up  to 
1000.  Its  appearance  and  position  were  the  same  as  during  the 
three  previous  apparitions  of  Saturn.— -1854.  Secchi,  with  the 
Merz  achromatic  at  Rome,  of  9 '6  inches,  found  Saturn  with  a 
power  of  more  than  1000,  as  if  turned  in  ivory  •  but  there  was 
no  division  upon  A ;  only  a  dark  tracing  like  a  pencil-line  all 
round,  always  visible  at  about  reckoning  outwards,  of  its 
breadth.  Dec.  26.  Coolidge,  with  Bond’s  great  achromatic,  found 
with  certainty  one  division  in  the  outer  half  of  A,  and  possibly  a 
second  outside  of  it.  Dec.  27.  Two,  and  he  suspected  three 
divisions  ;  his  figure  represents  one  marking  outside  the  centre, 
and  a  fainter  one  on  each  side  of  it,  the  space  between  the 
inner  and  the  principal  one  occupying  the  middle  of  the  ring. — 
1855.  Jan.  9.  The  same.  Jan.  25.  He  traced  one  dusky  seam 
“  in  the  middle  ”  of  A  nearly  all  round,  and  for  one  moment 
thought  the  outer  half  again  subdivided.  Feb.  28.  One  dusky 
division  on  the  ansae  only.  Mar.  29.  The  seam  easily  seen. 
Nov.  13.  A  brighter  than  usual.  Nov.  26.  Though  darker  than  B, 
brighter  than  ever  seen  before.  Nov.  30.  Seam  visible.  Dec.  6. 
Vision  exceedingly  good ;  powers  401,  688,  1243 ;  faint  dusky 
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seam,  at  times  traced  three-quarters  round  :  possibly  a  second 
one.  “  I  do  not  see  the  ring  A  as  well  as  the  rest  of  the  planet. 
Even  when  the  definition  was  at  its  best;  this  ring  and  its  outer 
edge  were  undecided;  its  inner  ellipse  remaining  all  the  time 
steady,  clear,  and  very  sharp.  Indeed  the  inner  ellipse  in  its 
S.  half  is  better  defined  than  the  outer  edge  of  the  ring  BA 
Dec.  16.  Secchi,  during  u  une  vue  ravissante  ,”  noticed  an  ad¬ 
ditional  very  narrow  line  nearer  the  inner  edge,  not  one-third  as 
broad  as  the  other,  and  no  doubt  scarcely  j"  in  width.  Dec.  28. 
Ditto.  24.  The  same,  very  distinct  :  atmosphere  magnificent. 
Principal  streak  1"*596,  second,'  0"‘5  at  utmost,  from  inner 
border ;  seen  all  round  except  above  planet,  where  they  were 
a  little  confused :  the  pole  was  then  in  contact  with  the  inner 
edge  of  A.  This  ring  shaded  off  darker  and  darker  from  the 
inside,  and  was  faint  at  the  outer  edge. — 1856.  Mar.  18. 
Coolidge  found  the  seam  plainly  visible.  Mar.  20.  A  not  as 
well  defined  as  the  ball,  or  B.  Mar.  27.  “A  is  better  seen 
than  it  has  been  of  late.  The  seam  also  is  more  distinct  and 
narrower,  and  has  a  sharper  contour  than  it  usually  presents. 
It  can  be  seen  through  two-thirds  of  the  circumference  A  April 
1.  Finest  definition  hitherto:  powers  up  to  1561  :  one  single 
division  on  A,  thought  to  be  visible  all  round. 

1855-6.  Watson  (Durham)  with  a  very  fine  Newtonian, 
12-in.  aperture,  found  theTnarking  broader  and  less  black  than 
the  great  division  reduced  to  a  minimum  visibile  by  contracted 
apertures ;  and  hence  inferred  that  A  was  not  divided,  but 
merely  marked  by  a  dark  streak,  which  he  also  thought  of 
variable  intensity.  This  same  season  it  was  seen  three  times 
by  Dawes. — 1856.  De  la  Rue  published  another  noble  engraving 
of  his  views  on  Mar.  27  and  29,  in  which  the  representation  is 
as  before,  excepting  that  the  division  and  its  attendant  bright 
stripe  are  both  nearer  to  the  outside  of  A,  the  whole  breadth 
of  which  is  streaky.  Sept.  5  and  7.  This  ‘‘’fine  division”  was 
well  seen  at  Teneriffe,  with  a  7-1 -inch  object-glass,  by  Professor 
Piazzi  Smyth,  during  his  most  interesting  and  successful 
<c  astronomers  experiment/’ to  ascertain  how  much  definition 
might  be  improved  by  leaving  beneath  us  the  denser  strata  of 
the  atmosphere.  Nov.  8.  Hartnup  and  another  saw  a  dark  line, 
placed  as  in  De  la  Rue’s  latter  engraving.  The  definition  was 
but  of  average  goodness,  and  Hartnup  had  frequently  seen  the 
planet  better,  and  with  higher  powers,  without  being  able  to 
detect  it. — 1857.  Jan.  20.  Morton  found  the  line  defined  with 
great  sharpness  in  Lord  Wrottesley’s  7-1 -inch  achromatic,  and 
glimpsed  it  Jan.  29.  Jan.  and  Feb.  Jacob,  at  Madras,  had  no 
difficulty  in  always  seeing  it  in  good  air,  even  with  a  power  of 
170,  but  thougFt  it  not  a  division,  but  a  pale  streak,  one-third 
or  rather  more  of  the  breadth  of  the  great  division.  Jan.  80. 
Coolidge  observed  a  division,  nearer  perhaps  to  the  in  than 
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outside;  on  tlie  inside  shading  off  rapidly,  leaving  a  bright 
inner  edge ;  on  the  out,  fading  more  gradually  without  any 
definite  boundary,  so  as  to  make  the  exterior  the  darker  half. 
Feb.  11.  Seam  on  /side,  not  noticed  on  p.  Feb.  12.  Division 
exactly  like  Secchi’s  ^pencil-line,”  its  own  breadth  outside  the 
middle,  and  one-fifth  the  breadth  of  A,  traced  round  two-thirds 
of  ring.  Inside  perhaps  brighter.  Feb.  14.  Very  faint  seam 
about  two-thirds  from  inner  edge,  which  latter  has  a  white 
band  contiguous  to  it,  very  plainly  seen,  and  traceable  three- 
fourths  round.  Feb.  23.  Bright  rim  wider.  Mar.  4.  Defini¬ 
tion,  now  and  then,  exceedingly  fine;  power  688.  This  ring 
is  more  uniform  in  colour  than  usual.  There  ,  does  not  appear 
to  be  any  division  in  it,  but  merely  a  slight  decrease  of  light 
from  the  sides  towards  the  interior.  It  struck  me  also  as  being 
rather  brighter  than  it  generally  is.”  Mar.  16.  Definition  quite 
good  :  pencil-line  quite  a  difficult  object,  and  only  seen  near 
major  axis ;  it  has  no  definite  outline.  From  near  the  outer 
edge  the  shade  increased  up  to  a  point  slightly  within  the 
centre,  thence  decreasing  much  more  rapidly,  so  as  to  leave  the 
inner  half  much  the  brighter.  Mar.  26.  Power  401  ;  pencil¬ 
line  not  easy;  rather  nearer  inner  edge;  less  difficult,  as  well 
as  narrower  and  darker  on  /side;  with  141  invisible:  ffthis 
ring  struck  me  under  this  power  as  being  very  bright.” — 1858. 
April  17.  Lassell,  during  a  most  favourable  view  with  20  inches 
and  650,  concluded  that  “  nothing  in  the  slightest  degree 
approaching  the  nature  of  a  division  could  be  detected ;” 
nothing  more  than  a  very  slight  shade. — 1860.  Mar.  10.  Jacob 
with  Fletcher’s  9h-inch  object-glass  saw  well  a  faint  line  on  A. 

* — 1865.  Mr.  With,  of  Hereford,  and  another,  with  a  94-inch 
silvered  glass  speculum,  saw  distinctly  and  independently  a 
dusky  streak,  most  evident  on/  ansa.* 

If  to  the  above  I  may  add  my  own  very  unimportant  ex¬ 
perience,  it  may  be  stated  that  I  have  repeatedly  in  former 
years  had,  with  3'7-in.  aperture,  an  impression  of  the  streaki¬ 
ness  of  A,  but  only  from  knowledge  of  the  observations  of 
others,  except  perhaps  1852,  Sept.  23,  when,  definition  being" 
remarkably  beautiful,  Mrs.  Webb,  a  friend,  and  myself,  had  a 
distinct  view  of  its  stripy  or  striated  aspect,  as  though  there 
were  one  or  more  subdivisions  too  minute  to  be  plainly  recog¬ 
nized.  Its  light  was  much  fainter  than  that  of  B,  and  of  a 
different  colour.  With  my  present  5-5-inch  aperture,  1859, 
Feb.  23,  I  saw  evidently  some  kind  of  marking  upon  this  ring. 

To  many  readers,  this  prolix  and  monotonous  recital  of 
minute  details  may  seem  to  require  an  apology.  Such,  it  is 
hoped,  may  be  found  in  the  circumstance  that  this  is  the  first 
attempt,  so  far  as  the  compiler  is  aware,  to  collect  into  one 

Strange  to  say,  tlie  late  Gen.  Mitchel  was  never  able  to  see  any  division 
upon  A  with  the  Cincinnati  Merz  achrom.  of  12  (Paris  P)  inches  aperture. 
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narrative  tlie  whole  (or  nearly  the  whole)  of  the  accessible 
evidence  relating  to  this  point ;  especially  including  the  valu¬ 
able  American  observations  comparatively  very  little  known 
in  this  country.  The  matter  has  been  the  subject  of  some  dis¬ 
cussion  ;  and  though  it  unquestionably  wears  the  aspect  of  a 
trifle,  and  at  first  sight  may  seem  not  worthy  of  the  pains,,  yet 
not  unfrequently  trifles  hold  the  keys  of  greater  mysteries.  In 
the  present  instance,  something  perhaps  may  be  deduced  from 
the  comparison  of  details  which  the  previous  recital  of  them 
enables  us  to  take  in  hand.  It  is  evident  that  there  is  a  con¬ 
siderable  discrepancy,  which,  as  in  a  former  case,  can  only  be 
resolved  into  either — 1.  Differences  of  instrumental  power.  2. 
Differences  of  sight,  or  personal  equation.  3.  Atmospheric 
disturbance.  4.  Deal  instability  in  the  object.  A.  careful 
scrutiny  seems  to  show  that  none  of  the  former  causes  are 
adequate  to  the  effect.  Deflectors  are  not,  as  was  at  one  time 
supposed,  all  range'd  on  one  side,  and  refractors  on  the  other ; 
neither  are  the  results  of  apertures  and  powers  consistent : 
observers  are  not  uniform  in  their  own  remarks ;  weather, 
however  great  may  be  its  effect,  has  sometimes  operated  in  the 
inverse  of  expectation  ;  and  however  less  probable,  in  compari¬ 
son,  the  last  inference  might  a  priori  have  appeared,  yet  we 
seem  to  have  no  other  resource.  The  writer  offers,  however, 
this  suggestion  with  much  deference,  and  would  not  be  sur¬ 
prised  if  others,  better  capable  of  judging,  were  to  arrive  at  a 
different  conclusion.  But  if  it  should  be  admitted  that  these 
markings  are  in  their  own  nature  variable,  the  study  of  these 
minutiae  has  led  us  to  a  result  of  some  interest : — this  ring  must 
either  be  enveloped  in  a  very  changeable  as  well  as  dense 
atmosphere,  or  it  can  hardly  be  composed  of  solid  materials. 
We  are  not  prepared  to  infer  anything  further  at  present;  but 
est  quadam  prodire  tenus/}  and  our  trouble  has  not  been  quite 
thrown  away. 

With  our  notice  of  this  ring,  we  may  suitably  include  some 
account  of  the  Principal  Division  of  the  Ding- system,  or  as  it 
may  well  be  called.  Balks  Division,  since  it  was  discovered  by 
Dr.  and  Mr.  Wm.  Ball,  1665,  Oct  13,  at  Minehead,  with  an  old 
refractor  of  nearly  thirty-eight  feet.*  It  is,  indeed,  a  very 
conspicuous  object  when  the  ring  is  well  opened,  and.  I  have 
thus  seen  it  very  distinctly,  with  a  power  of  only  80  on  a 
3'7-inch  aperture.  Mr.  Grover,  of  Chesham,  a  very  pains¬ 
taking  observer,  who  is  cultivating  astronomy  with  small  in¬ 
strumental  means,  but  great  diligence  and  accuracy,  informs 
me  that  he  has  seen  it  with  a  similar  power,  and  only  2  inches 
of  aperture. 

*  Wallis  wrote  to  Huygens  in  the  same  year,  to  inquire  whether  he  coulcl  see 
nothing  to  suggest  the  idea  of  a  double  ring,  but  on  what  ground  I  am  unable  to 
ascertain. 


264 


The  Planet  Saturn. 


I  have  many  times  wondered  at  its  ready  visibility,  consi¬ 
dering*  the  very  small  breadth  accorded  to  it  by  the  concur¬ 
rence  of  many  eminent  observers.  Thus,  with  250,  and  I 
believe  with  lower  powers,  on  3*7  inches,  I  have  traced  it 
easily  across  the  ball,  where  it  subtended  only  half  the  width 
of  its  projection  in  the  ansas,  which  is  given  by  2  G^'408  ; 
Secchi,  0//#5  to  G^’402  ;  Jacob,  by  estimation,  nearly  0"'6  ; 
Bond,  G"*35.  It  certainly  seems  strange  that  a  black,  line,  thus 
shown  to  be  only  J  of  a  second  broad,  should  be  so  distinctly 
seen  in  moderate  telescopes,  especially  when  we  consider  that 
the  bright  space  on  either  hand  would  encroach  upon  it  from 
the  known  effect  of  irradiation,  which  in  larger  and  more  per¬ 
fect  instruments  is  of  less  amount.*  However,  it  is  probably 
due  to  the  comparative  feebleness  of  the  planet's  light.  The 
telescope  which  showed  me  this  minute  line  would  not  separate 
double  stars  6  mag.  at  l"  distance,  but  the  apparent  discs  of 
such  stars,  from  their  vivid  radiance,  attain  very  perceptible 
dimensions,  while  a  line  or  edge  of  planetary  light  will  not  be 
similarly  enlarged,  from,  its  feebler  intensity;  resembling  in 
this  respect  the  apparent  discs  of  very  minute  stars. 

It  seems  certain  that  this  great  division  is  a  real  opening 
between  the  rings.  Cassini,  who  did  not  perceive  it  till  1675, 
though  the  discovery  has  been  frequently  claimed  for  him — and 
even  by  the  usually  most  accurate  Humboldt— seems  to  have 
had  an  idea  of  its  real  nature,  stating  that  it  was  divided 
u  quasi  in  duos  annulos  concentricos and  considered  him¬ 
self  entitled  to  decide  positively,  in  1792,  from  continuous 
observation  of  its  position  and  aspect  on  both  sides  of  the  ring, 
that  it  was  not  a  mere  marking,  bat  an  actual  separation.  That 
it  is  not  simply  a  black  streak  as  if  painted  on  the  ring  seems 
on  every  account  probable,  but  whether  it  is  an  absolute  va¬ 
cancy,  or  whether  it  may  be  occupied  by  some  thin  and  nearly 
transparent  material,  the  same  possibly  with  that  of  the  new 
dusky  ring  C,  may  be  questioned.  The  following  recital  of 
observations  may  possess  some  interest  in  this  respect,  as  well 
as  in  regard  to  certain  variations  which  have  from  time  to  time 
been  perceived  in  its  sharpness  and  breadth,  and  which  ought 
to  be  taken  into  account  in  the  study  of  the  system. 

back  as  1/92  and  1793,  Schroter,  employing*  New¬ 
tonians  of  4,  7,  12,  and  lo-leet  locus,  observed  variations  in 
the  visibility  of  the  division  in  the  opposite  ansee.  Sept.  2, 
Dec.  26  and  31.  It  was  best  seen  by  far  on  the  E.  side.  Jam 
18  and  Feb.  26.  It  was  equally  distinct  on  both.  Mar.  4.  The 
W.  end  was  the  broader.  Mar.  7.  It  was  plainest  on  the  E. 
side.  Mar.  12,  on  the  W.  Professor  Schrader,  the  best  re- 

*  From  a  comparison  of  measures  taken  by  night,  with  others  a  little  before 
or  Bner  sunset,  2  concluded  that  the  irradiation  of  Saturn  in  the  Dorpat  telescope 
amounted  to  only  -i\".  1  1 
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hector-maker  probably  of  his  day  in  Germany,  assisted  at  some 
or  all  of  these  observations.  Schroter  remarks,  very  justly, 
that  reflectors  of  20  and  40  feet  would  show  such  little  varia¬ 
tions  less  plainly,  as  a  diminished  breadth  on  one  side  in  a 
smaller  instrument  renders  that  part  invisible. — 1821,  Oct.  21, 
to  Dec.  11.  On  almost  every  clear  evening,  Knnowsky  and 
others,  with  a  6-feet  achrom.,  saw  Balks  division  invariably 
fainter  in  the  W.  than  E.  ansa,  nor  was  it  widest  at  the  greater 
axis,  but  a  little  S.  in  E.,  and  a  little  N.  in  W.  ansa;  as  if  the 
rings  were  not  in  the  same  plane. — 1838,  June  15.  Galle,  with 
the  Berlin  9‘6-inch  achrom.,  thought  the  inner  edge  of  A  as 
ill-defined  as  that  of  B. — 1841.  Schwabe  found  the  division 
sometimes  more  distinct  in  one,  sometimes  in  the  other  ansa ; 
sometimes  alike  in  both :  on  W.  side,  in  several  instances, 
broader,  fainter,  and  less  defined  than  on  E.,  and  as  though 
bordered  by  a  minute  liue  on  either  hand. — 1843.  De-Vico, 
with  the  6‘3-inch  achrom.,  at  Borne,  saw  the  division  some¬ 
times  broader  on  the  one,  sometimes  on  the  other  side. — 1851, 
Jan.  23.  Schmidt  thought  it  probably  better  defined  W.  than 
E.  Dawes  saw  it  black  and  sharp  this  year  :  De  la  Bne,  Aug. 
13.  “  Black  as  if  drawn  with  ink.” — 1852.  Jacob,  at  Madras, 
found  it  f<r  decidedly  not  black,  but  little  if  at  all  darker”  than 
C,  where  that  ring  crosses  the  ball ;  its  inner  edge  being  pretty 
sharp,  but  the  outer  rather  shaded  off ;  this  also  appears  in 
a  fine  drawing  by  him  (inferior  only  to  De  la  Bue's),  in  which, 
it  has  no  definite  boundary:  and  such,  he  states  in  1856,  was 
its  appearance  to  his  eye.  Lassell,  with  the  2-feet  mirror, 
in  the  air  of  Malta,  observed  its  paleness  where  the 
globe  might  be  and  probably  was  seen  through  it,  and  this 
is  shown  in  De  la  Bue^s  figure  of  this  year. — 1853,  Jan.  8. 
Bond  II.  remarked  the  same. — 1854,  Nov.  19.  Secchi*  with  a 
power  of  upwards  of  1000,*  saw  it  as  if  drawn  with  ink.  Dec. 
9.  Coolidge  found  N.  half  broader  and  better  defined  than  S. 
(or  further)  half. — 1855,  Jan.  9.  Much  less  distinct,  and  nar¬ 
rower  near  S.  limb  of  the  ball  (which  interrupts  it)  than  on  oppo¬ 
site  side.  Jan.  25.  Upper  (further)  half  better  defined  than 
ever  before.  N.  half  narrower  than  usual.  Feb.  17.  Secchi 
and  another  agreed  that  it  seemed  broader  in  the  upper  (S.) 
than  the  lower  part  of  the  ring.  Feb.  28.  Coolidge,  upper  half 
much  better  defined  than  lower,  which  is  not  visible  close  to  N. 
pole  [from  transparency  ?]  .  Mar.  5,  N.  half  undecided.  S.  half, 
especially  sjp.  quadrant,  distinctly  seen.  Mar.  18.  Secchi, 
not  black,  only  a  little  darker  than  ring  C.  Nov.  26.  Coolidge, 
rather  better  defined  in  S.  than  N.  half.  Nov.  28.  sjp.  quad¬ 
rant  better  seen  than  the  rest.  Dec.  6.  S.  half  broader  and 
more  decided  than  N.  half :  quite  faint  immediately  over  the 

*  Qu.  nominal?  Encke’s  scrutiny  at  Berlin  reduced  by  a  large  amount  the 
supposed  powers  furnished  by  the  same  maker. 
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N.  pole  [visible  through  it  ?] .  Its  edges  do  not  seem  regular* 
especially  /,  near  axis  major,  “  they  have  the  appearance  of 
being  made  up  of  a  number  of  unequal  straight  lines. ”  Dec. 
24.  Secchi’ s  nunquam  melius;  perfect  definition  with  1000. 
Division  not  black,  but  reddish,  like  ring  C.  Dec.  27.  Not 
black. — 1856,  Jan.  7.  Lassell  saw  division  much  less  black 
than  shadow  of  ball,  or  sky  within  C,  “  which  are  both  pre¬ 
eminently  and  intensely  black  being  “  a  brown  or  greyish 
black/'’  Jan.  16.  Secchi,  bluish,  as  C  now  appears.  Mar.  14. 
Coolidge,  edges  not  parallel  at  major  axis,/.  Mar.  20.  Very 
good  definition  :  uncertain  whether  division  visible  across  N. 
pole.  A  not  as  well  defined  as  B,  or  the  ball.  Mar.  27.  Con¬ 
tour  perfectly  elliptical,  division  considerably  darker  in  broadest 
part  of  sp .  and  nf.  quadrants  than  elsewhere  :  visible,  though 
very  faint,  across  N.  pole,  April  2.  Secchi,  division  broader 
behind  than  in  front  of  planet ;  apparently  from  rings  not  being 
in  the  same  plane.  Apr.  11.  Scarcely  visible  on  nearest  side, 
while  plain  and  wide  enough  on  the  other,  so  that  A  seems  tilted 
up  towards  the  observer. — 1856-7.  Jacob,  with  an  almost  incre¬ 
dible  minuteness  of  observation,  traced  the  shadow  of  the  globe 
across  the  division,  “which,  therefore,  cannot  be  a  mere  opening, 
but  must  be  filled  with  matter  of  some  kind/'’ — 1856.  P.  Smyth, 
at  Teneriffe,  saw  it  not  black,  but  of  the  tint  of  C.  This  year  De 
la  Hue  announced  that  he  had  for  the  last  five  or  six  years  noticed 
irregularities  in  the  relative  widths  of  the  division  at  the  major 
and  minor  axis. — 1857,  Jan.  80.  Coolidge  observed  S.  half 
the  broader ;  N.  reduced  to  a  hair  near  minor  axis,  but  equally 
dark.  Feb.  12.  Broader,  blacker,  and  better  defined  sf. :  out¬ 
lines  not  perfectly  elliptical :  near  major  axis,  especially/,  edg*e 
of  B  irregular,  making  division  appear  distorted  :  the  whole 
division  rather  darker  than  common.  Feb.  14.  Seemingly  not 
formed  of  perfect  ellipses,  but  contour  not  pointedly  deficient 
as  on  12  :  rather  faint,  though  not  narrow,  across  ball.  March 

4.  Examined  specially  ;  not  thoroughly  elliptical ;  somewhat 
irregular  within  20°  of  E.  and  W.  points.  S,  half  better  defined, 
and  perhaps  slightly  broader  than  N.  March  16.  Ellipticities 
of  the  two  edges  different ;  irregularities  near  major  axis 
seeming  to  vary  every  night.  March  26.  Regular  (except  nf.?); 

5.  half  better  defined  than  N.,  but  np.  and  nf.  quadrants  near 
major  axis  darker  than  sp.  and  sf. — 1858,  Apr.  17.  Lassell, 
brown,  as  contrasted  with  black  shadow  of  ball  on  ring. 

We  must  now  suspend  for  the  present  our  description  of 
this  wonderful  system. 

VARIABLE  STELLAR  LIGHT. 

Mr.  Huggins  and  Dr.  Miller  are  prosecuting  a  most  inte¬ 
resting  examination  of  the  spectra  of  Variable  Stars,  by  which 
they  hope  to  obtain  “  new  information  of  the  probable  mode  in 
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which,  in  some  stars  at  least,  the  periodic  alteration  of  light  of 
these  remarkable  objects  is  brought  about.”  At  present  they 
have  only  made  public  their  results  with  respect  to  a  Orionis , 
in  which  they  have  found  that  ee  a  group  of  lines  and  shading 
as  if  of  fine  lines”  has  disappeared  of  late  during  the  maximum 
brilliancy  of  the  star,  which,  according  to  Mr.  Baxendell,  is 
variable  in  colour  as  well  as  light. 

OCCUPATIONS. 

May  19th,  60  Cancri,  6  mag.  llh.  39m.  to  12h.  18m. — 22nd, 
76  Leonis,  6  mag.  7h.  39m.  to  8h.  43m. 


DESCRIPTION  OF  THE  LUNAR  ECLIPSE  OF 

31st  MARCH,  1866, 

As  seen  at  Arbroath ,  Lat.  56°  34/  A7.  Long.  2°  35'  W. 

BY  ALEXANDER  BROWN. 

Since  the  evening  of  Friday  the  13th  October,  1837,  there  has 
been  no  such  favourable  opportunity  for  witnessing  the  varied 
phenomena  of  a  total  eclipse  of  the  moon  at  Arbroath,  as  on 
the  morning  of  Saturday  the  31st  March,  1866.  For  hours 
previous  to  the  entrance  of  the  moon  into  the  earth/s  dark 
shadow,  not  a  cloud,  covered  the  face  of  the  sky ;  and  Luna 
was  beheld  pouring  her  mild  radiance  on  field  and  town,  path 
and  moor.  At  thirty-eight  minutes  past  two  in  the  morning, 
Greenwich  mean  time,  she  began  to  be  obscured,  the  umbra  of 
the  earth  slowly  reaching  from  spot  to  spot.  After  this  the  glare 
of  that  part  of  the  moon/’s  disc,  still  enlightened  by  the  direct 
rays  of  the  sun,  rendered  the  eye  insensible  to  the  more  feeble 
illumination  produced  upon  the  eclipsed  part  of  the  disc  by 
the  refracted  solar  ra}^.  As  the  eclipse  proceeded,  and  the 
magnitude  of  the  part  of  the  disc  directly  enlightened  de¬ 
creased,  the  e}m,  partly  relieved  from  the  excessive  glare, 
began  to  perceive  very  faintly  the  mooiFs  eclipsed  limb,  which 
was  visible  from  the  beginning  by  a  telescope,  in  which  it 
appeared  of  a  dark  grey  hue.  When  the  entire  disc,  at  forty- 
four  minutes  past  three,  had  passed  into  the  shadow  the 
eclipsed  moon  became  distinctly  visible,  showing  a  gradation 
of  tints  from  blue  to  green  on  the  outside,  to  a  gradually  in¬ 
creasing  red,  which  further  on  changed  to  a  colour  resembling 
that  of  incandescent  iron  when  at  a  dull-red  heat.  As  the 
lunar  disc  approached  the  centre  of  the  shadow  this  red  hue 
spread  all  over  it,  although  not  so  brilliant  as  would  otherwise 
have  been  the  case  in  consequence  of  the  appearance  of  the 
grey  dawn  of  morning  and  the  increasing  twilight  preceding 
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the  rising  sun.  The  total  phase  ended  at  twenty-two  minutes 
past  five.  The  moon  set  two  minutes  after  sunrise  and 
thirty-seven  minutes  before  the  termination  of  the  eclipse.  In 
the  eclipse  of  13th  October,  1837,  Sir  John  Herscbel  observed 
various  and  changeable  distributions  of  light  on  the  eclipsed 
disc  of  the  moon,  arising  from  a  partially  clouded  state  of  the 
earth's  atmosphere,  patches  of  red  light  corresponding  to  the 
clear  portions  of  the  atmosphere  being  thrown  into  the  umbra. 
During  the  total  eclipse  of  19tli  March,  1848,  the  moon  was 
remarkably  bright  while  passing  through  the  ear  tb/s  dark 
shadow,  so  much  so  that  some  persons  doubted  her  being 
eclipsed.  At  Arbroath,  the  evening  of  the  19th  March,  1848, 
was  rainy,  and  the  moon  did  not  shine  out  during  any  portion 
of  the  time  she  was  eclipsed.  The  next  total  eclipse  of  the 
moon,  visible  in  this  country,  will  be  near  midnight  on  the 
12  th  of  July,  1870. 


NOTES  ON  A  WINTER  VISIT  TO  MOUNT  ETNA. 

THE  ERUPTION  OF  1865. 

BY  PROFESSOR  D.  T.  AN  STEP,  F.R.S. 

Eew  people  out  of  Sicily  are  aware  of  the  magnitude  of  this 
eruption,  and  although  the  site  was  visited  during  the  past 
year  by  many  travellers  from  various  countries,  the  real  geo¬ 
logical  interest  and  the  points  of  special  importance  noticed  by 
local  observers  have  not  yet  been  placed  before  the  scientific 
world.  No  English  geologist  seems  to  have  visited  Etna  during 
the  time  of  its  chief  activity,  from  January  to  June,  but  the 
phenomena  were  carefully  studied,  and  until  the  close  of  the 
summer  season  the  state  of  affairs  was  continually  watched,  by 
very  competent  and  intelligent  chemists.  Since  August  the 
site  of  the  eruption  has  not  been  visited  until  on  the  1st  Feb¬ 
ruary,  a  few  days  after  the  anniversary  of-  the  eruption,  I 
accompanied  Professor  Orazio  Silvestri,  of  Catania,  to  the 
spot.  This  gentleman  is  preparing  a  memoir  on  the  chemical 
phenomena,  and  is  well  capable  of  describing  and  illustrating 
all  that  was  to  be  seen  of  the  eruption  by  an  eye-witness 
during  the  most  important  and  earliest  moments. 

The  nearest  town  from  which  the  site  can  be  visited  is 
Giarre,  about  twenty-four  miles  south  of  Catania,  on  the  road 
to  Messina.  It  is  a  place  of  some  size  and  business.  The 
accommodation  for  strangers  is  thoroughly  Sicilian,  and  not  at 
all  promising  at  first  sight,  but  many  worse  places  exist,  some 
of  which  look  better  outside,  and  the  traveller  will  find  fair  beds 
and  decent  food,  with  excellent  wine.  Starting  from  here  in 
the  early  morning  (about  half-past  four  a.m.),  and  mounted 
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on  excellent  donkeys,  my  friend  Professor  Silvestri  and  I  made 
the  best  of  our  way  over  roads  and  paths  as  bad  as  can  be  con¬ 
ceived,  and  up  a  steady  ascent  commencing’  immediately,  and 
averaging*  about  one  in  sixteen.  We  passed  two  or  three  vil¬ 
lages,  the  last  of  which  was  St.  Alfio,  and  reached  in  due  time 
the  upper  part  of  the  wooded  region  of  Etna.  We  arrived  at 
snow  at  a  height  of  3380  feet  above  the  sea.  From  this 
point  we  had  to  walk  over  very  thick  snow,  often  reaching 
nearly  to  the  tops  of  the  trees,  till  at  the  height  of  5130  feet 
above  the  sea,  we  reached  one  of  the  earliest  of  the  lava  cur¬ 
rents  of  last  year.  The  first  view  of  the  cones,  craters,  and 
lava- currents  of  the  late  eruption,  all  of  the  most  intense 
black  colour,  and  standing  out  from  the  snow  in  such  a  man¬ 
ner  as  to  show  with  the  utmost  precision  the  exact  spot  on 
which  the  eruption  had  taken  place,  was  inexpressibly  striking. 
This  contrast  was,  of  course,  the  result  of  the  melting  of  the 
snow  over  those  places  where  the  lava  and  ashes  were  still 
warm.  The  whole  surface,  but  especially  the  principal  cones 
and  the  numerous  lines  of  fissure,  were  still  covered  with  furna- 
roles,  and  continued  to  emit  much  aqueous  vapour.  This  was 
mixed  here  and  therewith  muriatic  acid,  quite  sensible  to  the 
lungs,  though  hardly  in  a  state  to  be  collected  without  difficulty 
in  sufficient  quantity  for  analysis.  More  generally  the  vapours 
were  slightly  alkaline. 

The  phenomena  of  the  eruption  of  1865  were  first 
noticed  on  the  28th  of  January,  by  the  inhabitants  of  the 
village  of  St.  Alfio,  one  of  the  highest  inhabited  points  on  the 
eastern  slopes  of  Etna.  Though  the  ground  above  the  village  was 
thickly  covered  with  snow,  a  great  fissure,  nearly  fourteen  miles 
long  and  of  great  width,  commencing  at  an  elevation  of  6360 
feet,  was  seen  to  open  from  the  foot  of  the  great  crater  on  its 
north-eastern  side,  crossing  the  Monte  Frumento,  an  extinct 
cone  of  large  size  and  considerable  height,  and  extending  far 
down  into  the  terrace  below.  This  crack  crossed  nearly  at 
right  angles  the  direction  of  the  Yal  del  Bove,  the  ancient  crater 
of  Etna.  So  large  is  it  that  it  has  ever  since  remained  a  pro¬ 
minent  feature  in  the  scenery,  and  I  observed  it  with  perfect 
ease  by  the  unassisted  eye  from  the  magnificent  ruins  of  the  old 
Greek  theatre  at  Taormina,  a  distance  of  more  than  fifteen 
miles  in  a  direct  line.  Although  of  such  grand  dimensions,  it 
opened  with  little  noise  or  convulsion,  but  notwithstanding 
this,  and  the  absence  of  ordinary  marks  of  the  commencement 
of  a  great  eruption,  it  seems  to  have  split  the  old  cone  of 
Monte  Frumento  almost  in  half.  Out  of  part  of  the  yawning 
cavity  there  boiled  up  and  ran  over  almost  immediately  and 
along  a  line  about  half  a  mile  in  length,  a  lava- current  in  a  state 
of  great  fluidity,  pouring  out  at  first  at  the  rate  of  more  than 
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thirty  feet  per  minute,  and  continuing  afterwards  at  a  slower 
rate.  Several  days  after  the  first  eruption,  it  still  advanced 
at  the  rate  of  five  yards  per  minute.  The  lava  issued 
from  a  point  a  little  below,  and  at  the  foot  of  Monte  Frumento, 
and  its  outburst  was  accompanied  with  constant  tremblings  of 
the  ground,  felt  to  a  considerable  distance,  and  by  the  usual 
incessant  rain  of  hot]  ashes  and  burning  fragments  of  scoria, 
but  not  by  any  important  earthquake.  In  the  course  of  two 
days  the  ashes  had  already  formed  three  principal  cones  of 
eruption,  from  all  of  which  the  showers  continued  to  erupt, 
accompanied  by  loud  detonations.  The  larger  red-hot  blocks 
of  stone  and  scoria  were  thrown  up  and  carried  by  the  wind  to  a 
distance  of  half  a  mile,  and  the  ashes  more  than  fifteen  miles. 
These  three  and  subsequently  four  other  cones  of  eruption  were 
all  on  an  irregular  line  having  the  general  direction  of  the  fissure, 
and  were  all  within  a  distance  of  about  a  quarter  of  a  mile.  The 
first  issue  of  the  lava  ran  towards  the  south-east,  but  the  great 
mass  poured  from  the  opposite  side,  and  soon  took  a  definite 
course  downwards,  leaving  a  small  island  covered  with  pine- 
trees  and  birch,  surrounded  by  the  sea  of  liquid  fire.  This 
island  still  remains.  The  shower  of  ashes,  accompanied  by 
many  very  large  volcanic  bombs  or  lumps  of  scoriaceous  lava, 
was  sufficient  to  render  any  near  approach  impossible,  except 
from  the  windward  side.  The  trees  near  the  point  of  eruption 
in  the  direction  of  the  wind  were  stripped  of  their  branches, 
some  of  them  being  left  as  bare  as  a  flag- staff,  the  branches 
being  cut  off  short  to  the  trunk.  Others  were  burnt.  Several 
of  the  bared  and  injured  trees  remained  unaltered  at  the  time 
of  my  visit. 

The  lava  continued  to  pour  forth  pretty  steadily,  one  layer 
running  over  another  as  it  descended  the  steep  face  of  the 
mountain,  through  the  wooded  region  into  the  cultivated  lands 
below.  It  advanced,  in  all,  upwards  of  seven  miles,  doing  much 
mischief  to  property  and  vegetation,  but  little  to  animal  life. 
Its  extremity  was  sometimes  as  much  as  forty  feet  in  height, 
and  it  filled  up  as  usual  all  irregularities  of  the  surface,  pre¬ 
senting  at  the  time  of  my  visit  a  vast  blackened  pile  of  loose 
ashes  and  lumps  of  scoria,  covering  compact  lava  of  the  usual 
kind.  The  eruption  continued  very  active  for  some  weeks,  but 
then  diminished  in  intensity,  though  still  proceeding  till  the 
month  of  August.  Fortunately  for  the  inhabitants  of  the 
villages  below,  the  lava-current  stopped  at  a  very  early  period. 
Even  the  eruption  of  ashes  on  a  grand  scale  had  greatly 
diminished  within  fifteen  days  of  the  first  outburst,  and  after 
that  time  the  aqueous  vapour,  constantly  pouring  forth  in  large 
quantity,  was  mixed  with  a  much  smaller  proportion  of  gases 
than  at  first.  Some  time  after  the  eruption  was  over,  there  was 
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a  serious  earthquake  in  the  immediate  neighbourhood  which 
was  extremely  fatal  to  human  life,  and  this  was  the  only  de¬ 
structive  part  of  the  event. 

Although  this  eruption  was  unusually  sudden,  and  took 
place  without  any  of  the  usual  warnings,  there  had  been 
marked  indications  of  uneasiness  in  the  great  crater  of  Etna  for 
some  time  previous.  The  latest  of  these  of  any  magnitude 
had  taken  place  in  June,  1863,  or  nearly  twenty  months  before. 
Still  there  had  been  general  evidence  of  the  existence  of 
unusual  pressure  under  and  near  the  great  crater,  although  no¬ 
thing  indicated  the  precise  direction  of  the  disturbing  force 
which  so  suddenly  and  effectually  exerted  itself  as  already 
described. 

Among  the  phenomena  which  especially  attracted  notice 
during  this  eruption  may  be  mentioned  a  peculiar  crackling 
noise  heard  during  the  advance  of  the  lava,  and  the  mode  in 
which  the  already  cooled  surface  was  re-melted  and  welded  to 
the  advancing’  mass.  Each  wave  seems  to  be  always  over¬ 
lapping  the  last,  cementing  it  to  itself,  and  projecting  a  little 
beyond.  The  lava  erupted  seems,  however,  to  have  been 
always  in  incomplete  fusion,  consisting  of  crystals  floating  in 
fused  glass.  The  temperature,  however,  as  tried  by  metals 
thrown  into  it,  was  exceedingly  high.  After  becoming  quite 
pasty,  it  would  still  almost  fuse  copper,  and  Professor  Sylvestri 
found  that  in  this  state  it  readily  melted  silver,  and  had  reason 
to  believe  that  when  thoroughly  fused  its  temperature  was 
above  that  of  melting  platinum. 

At  the  time  of  my  visit  the  snow  covered  a  large  proportion 
of  the  upper  part  of  the  first  lava- current  near  the  principal 
cone  at  the  foot  of  the  Monte  Frumento,  but  many  patches 
were  bare.  Wherever  blocks  of  lava  projected,  there 
came  forth  much  vapour,  too  hot  to  permit  the  hand  to 
be  held  in  it,  but  for  the  most  part  the  irregular  surface  of  the 
current  had  been  subsequently  covered  with  a  thick  coat  of  fine 
black  ash,  over  which  the  snow  lay  in  considerable  thickness. 
Circular  holes  in  the  snow,  sometimes  eight  or  ten  feet  deep, 
marked  the  position  of  the  principal  fumaroles,  which  always 
had  reference  to  some  projecting  solid  block. 

The  cones  are  still  tolerably  perfect.  There  are  six,  and 
one  of  them  having  a  double  crater,  there  are  seven  craters. 
The  principal  cone  in  point  of  height,  at  the  time  of  my  visit, 
was  one  of  those  nearest  Monte  Frumento,  and  there  was 
another  of  large  size,  the  furthest  from  that  cone.  The  rest 
are  smaller.  They  do  not  appear  to  have  changed  much  since  the 
summer.  All  were  on  the  part  of  the  main  fissure  from  which 
the  lava  was  erupted.  The  highest  part  of  the  largest  cone 
was  340  feet  above  the  lava  at  its  foot.  It  was  a  heap  of  fine 
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and  coarse  ashes  with  occasional  large  blocks  of  very  cellular 
lava.  All  the  material  at  the  surface  was  perfectly  loose, 
standing  at  a  slope  of  33°  and  very  difficult  to  climb,  as  it  slipped 
perpetually  from  under  the  feet.  It  was  nowhere  altogether 
cold,  and  in  parts  there  were  many  small  fumaroles  of  aqueous 
vapour.  The  walls  of  the  cone  were  by  no  means  of  the  same 
height  all  round,  one  side  being  removed  almost  to  the  level 
of  the  bottom  of  the  crater,  which  was  about  one  hundred 
feet  below  the  principal  summit.  The  sides  lowered  gradually 
from  the  highest  point  to  this  level,  which  was  near  the  later 
eruptions  of  lava.  The  action  of  the  weather  may  have 
affected  the  form  of  this  cone,  and  helped  to  wear  it  down 
and  smooth  its  irregularities ;  but  this  action  is  smaller  than 
might  be  expected,  as  all  rain  and  snow  is  absorbed  as  rapidly 
as  it  falls. 

At  the  top  of  this  cone,  and  extending  nearly  in  a  straight 
line  to  the  craters  of  the  next  and  much  lower  cone,  in  the  direc¬ 
tion  of  Monte  Frumento,  were  seen  many  coloured  and  black 
strips,  all  smoking,  and  presenting  an  appearance  highly 
characteristic.  The  colour  is  varied  from  white  to  the  most  bril¬ 
liant  orange.  These  lines  marked  the  position  of  narrow 
clefts,  through  which  extremely  hot  vapour  issued.  The  vapour 
arose  chiefly  from  small  holes  under  and  close  to  erupted  blocks 
of  lava  and  scoria  that  formed  part  of  the  crater.  It  was 
chiefly  aqueous,  but  sufficiently  charged  with  chlorine  to  be 
disagreeable  to  the  lungs,  though  not  actually  dangerous.  The 
temperature  varied.  In  some  places  it  did  not  exceed  80° 
Fahr.,  and  in  others  it  approached  200°,  but  this  refers  only  to 
the  depth  of  a  few  inches  below  the  surface  reached  by  the 
bulb  of  a  thermometer.  The  vapours  were  generally  acid,  and 
these  were  very  much  the  hottest.  The  holes  through  which 
the  vapours  issue  are  the  fumaroles .  They  are  the  means  by 
which  communication  is  made  from  the  heated  interior  with 
the  external  air.  By  their  means  the  water  absorbed  or  present 
below  the  surface  is  re- evaporated,  and  the  gases  that  are  still 
forcing  themselves  upwards,  or  are  produced  in  the  heated 
rock  by  chemical  reactions,  are  discharged  safely.  A  few  of 
these  fissures  are  not  apparent,  except  from  the  fumaroles  them¬ 
selves  ;  others  arc  clearly  marked  by  lines  of  colour,  and  some 
few  are  wide  and  visible  cracks  of  the  surface,  also  intensely 
coloured. 

The  appearance  of  the  interior  of  the  two  principal  craters 
was  very  grand,  and  both  of  about  the  same  character,  though 
the  craters  were  some  distance  apart.  In  both  the  main  eruption 
was  over,  and  the  gullet  or  hole  through  which  the  principal 
outburst  of  ashes  had  taken  place  was  closed,  and  filled  with 
cold  scoriae.  In  both  also  the  sides  in  certain  parts  were 
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intensely  hot,  and  great  chemical  change  was  going  on.  The 
principal  crater  is  the  most  perfect  and  regular.  It  is  en¬ 
tered  from  one  side  by  a  natural  opening,  and  close  to  this  part 
the  floor  is  extremely  hot,  far  too  hot,  indeed,  to  be  touched  by 
the  hand.  But  the  gullet,  which  is  a  cylindrical  depression 
like  a  large  shallow  well  in  the  centre  of  the  bottom  of  the 
crater,  about  200  feet  in  diameter  and  20  feet  deep,  was  closed 
and  cold.  There  were  three  points  of  action  in  this  crater,  all 
easily  recognized  from  some  distance  by  the  strong  mirage  pro¬ 
duced  by  the  heated  air  over  them.  Besides  that  on  the  floor 
of  the  crater  close  to  the  entrance,  there  were  two  on  opposite 
sides,  one  near  the  bottom  and  the  other  high  up.  The  other 
crater  was  smaller,  but  very  much  deeper  and  much  less  acces¬ 
sible.  Its  lowest  point  was  about  150  feet  below  the  bottom  of 
the  higher  crater,  and  it  is  situated  about  300  yards  further 
from  Monte  Frumento.  The  top  of  this  cone  is  only  ten  feet 
higher  than  the  bottom  of  the  principal  crater,  not  including 
the  depression  formed  by  the  gullet. 

By  far  the  most  striking  and  characteristic  feature  of  both 
these  principal  craters,  and  of  the  whole  of  the  active  part  of 
the  volcano  generally,  was  the  extraordinary  brilliancy  of  the 
colours,  almost  entirely  yellow,  passing  on  one  side  into  white, 
and  on  the  other  through  orange  into  red,  which  defined  the 
position  of  the  crevices,  and  the  places  from  which  there  was 
the  chief  issue  of  vapour.  The  great  clouds  of  steam  rising 
incessantly  from  the  walls  of  the  craters,  sometimes  obscured 
these  colours ;  but  whenever  the  wind  drifted  away  the  steam, 
they  reappeared  with  the  most  startling  vividness.  Standing 
in  the  crater  near  the  bottom,  one  could  look  down  upon  a  large 
surface  of  these  bright  tints.  On  the  walls  of  the  crater,  and 
near  the  top,  the  same  thing  was  repeated  on  a  large  scale. 
Fragments  of  the  coloured  rock  had  fallen  from  time  to  time, 
and  partly  covered  the  floor,  but  they  were  much  less  vivid. 
The  imagination  instantly  suggests  that  this  bright  yellow 
colour  is  the  result  of  those  sulphur  emanations  of  which  so 
much  is  said  in  the  accounts  of  volcanic  eruptions,  and  cer¬ 
tainly  the  idea  is  very  natural ;  but  it  is  quite  incorrect.  Scarcely 
any  native  sulphur  was  to  be  found  in  these  craters  at  the  time 
of  my  visit,  and  none  at  all  existed  in  an  efflorescent  state  on 
the  walls  of  the  crater. 

The  history  of  the  brilliant  colours  on  the  walls  of  a 
crater  of  eruption  is  both  curious  and  instructive.  It  is,  as 
usual  in  all  matters  concerning  the  structure  of  the  earth,  a 
history  of  change  and  metamorphosis.  The  vapour  that  issues 
from  the  interior  as  steam,  under  high  pressure,  and  with 
sufficient  force  to  eject  lava  or  melted  rock  in  all  varieties  of 
form  and  texture,  brings  with  it  various  gases.  At  the  begin- 
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ning  and  in  all  the  early  stages  of  the  eruption,  chlorine  is  one 
of  the  most  important  of  these.  Hydrogen,  nitrogen,  and 
oxygen  are  always  present.  Towards  the  close,  carbonic  acid 
gas  becomes  abundant.  After  the  main  crevice  or  fissure 
through  which  the  chief  eruption  has  come  is  finally  closed, 
these  gases,  in  various  combinations,  ooze  through  narrow" 
cracks  formed  in  the  lava  below  and  the  erupted  matter  above. 
Thus  arise  the  fumaroles,  of  which  mention  has  been  made. 
All  these  superficial  rocks  are  porous  in  a  very  high  degree ; 
and  the  acid  vapours  at  high  temperature  decompose  the  lava, 
depositing,  either  on  the  inside  of  the  cells  or  cavities  of  its 
substance,  but  sometimes  on  the  surface  of  the  ground,  many 
salts,  some  neutral,  others  alkaline ;  silica  also  and  sulphur,  are 
thus  deposited.  Within  the  substance  of  the  large  round 
blocks  of  cellular  lava,  sometimes  called  "volcanic  bombs/" 
ejected  during  the  eruption,  and  often  three  or  four  feet  in 
diameter,  I  saw,  on  peeling  off  the  surface,  considerable  de¬ 
posits  of  alkaline  carbonate  of  soda.  Crystals  of  several  salts 
of  ammonia  are  also  common,  and  even  common  salt  is  met 
with.  On  the  outside,  where  the  gases  emerge,  the  iron 
existing  in  all  lava,  and  carried  up  with  the  gases,  is  deposited 
very  readily  in  combination  with  the  chlorine  and  hydrogen, 
after  the  first  force  of  the  eruption  is  over.  And  it  is  to  these 
deposits  of  the  salts  of  iron,  and  not  to  sulphur,  that  the  intense 
and  brilliant  yellow  on  the  face  of  the  crater  and  surface  of  the 
cone  are  due.  They  are  proofs  that  the  eruptive  force  has 
diminished,  and  that  secondary  changes  are  taking  place.  The 
form  of  the  deposit  is  curious.  It  is  usually  an  incrustation, 
and  often  takes  the  form  of  small,  cup-like,  spongy- looking 
masses,  white  at  the  edges,  and  yellow  towards  the  centre.  It 
is  also  in  groups  of  crystals.  But  very  soon  after  it  has  been 
formed,  and  when  the  acid  vapours  cease,  the  vrarm  vapours 
soon  begin  to  produce  further  changes,  and  thus  this  beautiful 
appearance  is  not  permanent.  Exposed  to  the  air,  the  iron 
passes  into  the  state  of  peroxide ;  and  before  long,  the  white 
and  yellow-coated  cells  of  the  stone  lose  their  great  beauty 
and  brilliancy,  and  assume  at  last  that  deep  brick-red  tint 
familiar  to  every  one  in  connection  with  iron  rust. 

Many  and  very  interesting  are  the  results  of  chemical 
investigation  in  reference  to  the  metamorphoses  produced 
during  and  subsequent  to  volcanic  eruptions.  Such  events 
occurring  at  intervals,  which  on  a  large  scale  may  be  regarded 
as  regular,  alternate  with  much  longer  intervals  of  apparent 
repose,  during  which,  however,  changes  are  constantly  going’ 
on,  modifying  the  materials  already  erupted,  and  preparing*  for 
the  next  convulsive  and  explosive  movement. 

Whatever  mystery  may  have  been  imagined  to  exist  in 
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reference  to  such  movements  in  the  earth  is  in  a  fair  way  of 
being  removed  by  the  investigations  of  modern  chemistry  and 
physics. 

Under  a  certain  part  of  the  earth*  s  surface,  and  within 
certain  limits  of  time  and  space,  not  large  compared  with  the 
earth  and  its  history,  the  access  of  sea- water  to  cavities  existing 
at  a  moderate  depth  beneath  the  surface  of  the  earth,  produces 
concussive  movements  or  earthquakes,  elevations  of  certain 
tracts,  and  the  ordinary  phenomena  of  volcanoes.  These  are 
produced,  in  all  probability,  by  very  simple  means,  although 
the  results  seem  very  complicated.  They  may  have  nothing  to 
do  with  any  greater  depth  than  a  few  scores  of  miles  beneath 
the  level  of  the  sea,  and  they  may  or  may  not  have  reference 
to  the  original  preparation  of  the  earth  as  a  habitation  fit  for 
organized  beings.  But  being  now  a  part  of  the  earth’s  con¬ 
stitution,  they  may  be  studied  with  great  advantage  as  an 
important  chapter  of  its  history,  for  they  appear  to  be  the 
chief  proximate  causes  of  those  great  physical  features  of  our 
globe,  on  which  all  the  phenomena  of  organization  depend. 

Viewed  in  this  light,  the  account  of  a  volcanic  eruption, 
even  though  not  one  of  the  first  magnitude,  may  possess  great 
value,  and  the  more  so  since  there  cannot  be  a  doubt  that  much 
remains  to  be  learnt  by  the  chemist  concerning  the  actual 
succession  of  events  on  such  an  occasion.  The  mere  fact  that 
sulphur  is  not  always,  perhaps  is  rarely,  a  common  product,  is 
one  of  great  interest ;  and  the  additional  fact  that  what  has 
certainly  been  very  often  taken  for  sulphur  is  a  salt  of  iron, 
and  a  proof  that  the  eruption  is  beginning  to  die  out,  is  equally 
important.  The  great  volume  of  cloud  commonly  issuing  from 
a  volcanic  vent  certainly  consists  of  eighty  or  ninety  per  cent, 
of  steam ;  and  the  small  proportion  of  muriatic  acid,  carbonic 
acid,  and  nitrogen  sufficient  to  render  the  steam  noxious  has 
been  too  little  attended  to.  Craters  in  eruption,  and  imme¬ 
diately  afterwards,  are  by  no  means  always  so  easy  of  access  as 
in  the  case  before  us. 

The  condition  of  the  lavas  erupted  last  year  from  Etna  is 
very  interesting.  Among  the  specimens  procured  within  the 
first  six  months  from  the  first  outburst  were  some  illustrating 
every  variety  known.  They  include  the  most  scoriaceous  and 
the  most  compact,  the  most  and  the  least  crystalline,  the  most 
felspathic  and  the  most  basaltic,  some  are  intensely  black, 
some  of  the  most  delicate  grey.  The  successive  flows  are 
stratified,  and  exhibit  lines  of  vesicular  and  tufaceous  com¬ 
position  between  the  strata.  The  eruption,  in  fact,  included 
all  the  ordinary  phenomena,  and  was  not  wanting  in  any  of 
the  incidental  horrors  which  are  too  apt  to  mark  such  events. 
Some  time  after  the  original  fissure  was  filled  up  with  the  cooling 
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lava,  and  the  flow  had  stopped,  a  sudden  and  terrible  earth¬ 
quake  took  place  in  the  immediate  vicinity,  by  which  a  large 
proportion  of  the  inhabitants  of  a  village  were  destroyed.  A 
yawning  chasm  opened  beneath  the  village,  and  the  miserable 
people  were  absolutely  engulphed  as  this  chasm  partly  closed. 

Some  estimates  were  taken  of  the  flow  of  the  lava  at  the 
commencement  of  the  eruption,  which  may  be  interesting  and 
useful  for  future  comparison. 

At  200  metres  from  the  fissure  from  which  the  lava  issued, 
its  mean  velocity  was  estimated  at  ten  metres  per  minute. 
This  was  shortly  after  the  commencement  of  the  eruption,  and 
at  this  time  it  was  calculated  that  between  5000  and  6000 
cubic  metres  (say  12,000  to  15,000  tons)  were  poured  out  per 
minute.  At  this  rate  nearly  eight  millions  of  cubic  metres 
per  day  would  have  issued,  but  the  number  of  points  of  issue 
increased,  and  it  was  estimated  that  by  the  4th  of  February 
(six  days  after  the  eruption  commenced),  more  than  112 
millions  of  cubic  metres  had  been  poured  out  (about  300,000,000 
tons) .  The  lava  descended  along  the  slopes  of  the  mountain 
for  about  six  and  a  half  miles  with  unusual  rapidity,  averaging 
one  and  a  half  mile  per  day,  but  its  course  was  fortunately 
checked  at  a  very  early  date,  and  before  reaching  any  of  the 
villages  on  the  mountain  side,  it  had  finished  its  work.  It 
remains  now  visible  at  a  great  distance,  and  marking  the  event 
of  which  it  is  the  most  permanent  result. 

Messina,  February  3,  1866. 


MR.  BROWNING'S  REFLECTING  TELESCOPE. 

At  the  Soiree  given  in  January  by  Mr.  De  La  Rue,  Mr. 
Browning  exhibited  a  telescope  made  for  Mr.  Slack,  which 
presents  important  new  features,  and  was  much  admired.  Mr. 
Browning  also  read  a  paper  at  the  Astronomical  Society  in 
January,  on  a  new  mode  of  mounting  silvered  glass  mirrors  of 
moderate  dimensions,  and  a  new  method  of  suspending  the 
small  reflector,  or  prism,  whichever  might  be  employed. 

We  now  lay  before  our  readers  a  sketch  of  the  telescope 
made  for  Mr.  Slack.  It  is  furnished  with  a  beautifully-worked 
mirror  of  rather  less  than  6|-inches  diameter,  made  by  Mr. 
With,  who  has  been  singularly  successful  in  this  difficult  and 
delicate  branch  of  optical  art.  The  way  in  which  the  mirror  is 
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SILVERED  GLASS  MIRROR  TELESCOPE  ON  EQDATOEEAL  STAND,  MADE  DY  ME 

DROWNING  EOR  MR.  SLACK. 
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supported  will  be  understood  from  the  annexed  diagram. 
The.  bottom  of  the  mirror,  a,  is  ground  to  an  approximately 


true  surface,  and  the  same  thing  is  done  with  the  bottom  of 
the  inner  cell,  b,  on  which  it  rests.  Adjustments  of  parallelism, 
etc.,  are  made  by  means  of  the  screws,  d  d  and  e  e;  and  the 
mirror,  with  its  cell,  can  be  removed  from  the  telescope  and 
replaced  with  the  greatest  facility,  without  loss  of  adjustment. 
A  tight-fitting  brass  cap  closes  the  inner  cell,  and  keeps  the 
silvered  surface  safe  when  out  of  use. 

The  reflecting  prism  or  flat  is  supported,  as  shown  in  the 
appended  diagrams,  by  means  of  thin  strips  of  chronometer- 


A 


spring.  Fig.  1  gives  a  sectional,  and  Fig.  2  a  perspective 
view.  These  two  contrivances — the  cell  for  the  speculum?  and 
the  support  for  the  prism  or  flat — of  Mr.  Browning  appear, 
from  the  trials  given  to  them  in  Mr.  Slack's  telescope,  to 
answer  their  purposes  exceedingly  well.  The  President  of  the 
Astronomical  Society  expressed  a  doubt  whether  the  cellular 
plan  of  mounting  the  mirror  would  answer  for  large  instru¬ 
ments  ;  but,  if  it  performs  well  up  to  seven,  or  eight,  or  ten 
and  a  quarter  inches  (the  last  being  the  largest  size  to  which 
Mr.  Browning  has  yet  adapted  it),  its  importance  will  stand  very 
high.  The  new  system  of  mounting  the  prism  or  flat  has  great 
advantages.  The  three  slender  springs  do  much  less  optical 
mischief  than  the  single  stout  arm  previously  employed,  and 
contribute,  with  the  excellent  working  of  Mr.  With's  mirrors, 
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to  remove  the  defective  definition  which  reflectors  usually 
give  of  large  stars.  In  Mr.  Slack's  instrument,  the  definition 
closely  resembles  that  of  a  fine  refractor,  and  the  discs  are  re¬ 
markably  small. 

The  Equatoreal  stand  was  constructed  according  to  sug¬ 
gestions  given  by  Mr.  Slack,  the  details  being  entirely 
arranged  by  Mr.  Browning.  The  special  ends  in  view  were, 
great  stability,  with  convenience  and  economy.  Hitherto,  mo¬ 
derate-priced  stands  have  usually  been  of  comparatively  slight 
construction ;  and,  though  many  of  them  possess  considerable 
merit,  none  of  them  seemed  adapted  to  carry  a  somewhat 
heavy  and  bulky  telescope.  It  will  be  seen,  from  the  drawing, 
that  the  base  of  the  new  stand  is  very  compact  and  solid. 
It  is,  in  fact,  a  stout  cast  iron  tube.  The  circles  are  twelve 
inches  in  diameter,  reading  to  V  of  an  arc,  and  seconds  of 
time.  The  declination  circle  has  considerable  weight,  and  thus 
effectively  assists  in  counterpoising  the  telescope.  The  tube 
of  the  telescope  divides  into  two  parts,  each  furnished  with  a 
flange  fastened  by  screws  to  stout  rings  supported  by  a  heavy 
arm.  By  this  means  the  principal  weights  are  exactly  opposite 
each  other  in  every  position  of  the  instrument,  and  they  are 
kept  near  the  centre  of  the  polar  axis,  and  at  about  equal 
distances  from  the  centre  of  gravity  of  the  pillar- stand.  The 
hour  angle  motion  has  bearings  equal  to  the  diameter  of  the 
hour  circle,  twelve  inches,  which  adds  to  stability,  though  at 
the  cost  of  a  little  extra  friction.  Upon  trial,  this  telescope  is 
found  to  be  remarkably  steady  and  free  from  vibration  under 
a  power  of  between  600  and  700  ;  and  the  result  of  this 
steadiness  is  very  conspicuous  in  the  definiteness  of  the  division 
of  double  stars,  when  the  lowest  powers  are  employed  that 
can  produce  such  a  result.  Three  short,  stout  screws  run 
through  the  base,  and  enable  the  instrument  to  be  adjusted  to 
the  indications  of  two  spirit-levels,  one  of  which  is  shown  in 
the  figure. 

The  eye-piece  and  prism  or  flat  revolve  so  that  the  awkward 
positions  to  which  an  observer  is  subjected  when  an  ordinary 
reflector  is  mounted  equatorealiy  are  completely  obviated. 

That  these  silvered  glass  telescopes  will  come  into  favour 
cannot  be  doubted,  as  they  cost  only  a  fraction  of  the  price  of 
reflectors  capable  of  doing  the  same  work  ;  and  perform  to 
the  satisfaction  of  observers  like  Mr.  Webb,  who  has  tried 
a  good  many,  Mr.  Cooper  Key,  Mr.  Bird,  and  others.  We 
must,  however,  caution  our  readers  against  unreasonable  ex¬ 
pectations,  which  we  know  have  in  some  cases  led  to  great 
disappointment.  In  the  first  place,  if  an  observer  who  is  ac¬ 
quainted  with  refractors,  but  has  never  used  a  reflector,  gets 
one,  and  the  slightest  derangement  occurs,  he  will  most  likely 
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have  to  serve  a  little  apprenticeship  in  order  to  learn  exactly 
what  to  do,  and  nothing  is  easier  than  for  an  unpractised  hand 
to  make  a  small  fault  ten  times  worse  by  mistaken  efforts  to 
get  rid  of  it.  Another  thing  is,  that  observers  who  have  been 
using  three  or  four-inch  refractors  are  sometimes  apt  to  expect 
that  reflectors  of  two  or  three  times  those  apertures  will  show 
all  objects  much  better.  Now  they  will  not  do  this;  neither 
will  the  same  sized  refractors.  Large  apertures,  if  good,  give 
smaller  discs,  and  thus  permit  the  separation  of  closer  stars. 
They  render  faint  objects  visible  that  were  invisible  with 
smaller  instruments ;  and  they  bring  out  in  the  moon  and 
planets  details  not  to  be  made  out  with  smaller  means.  But 
they  do  all  these  good  things  at  the  expense  of  taking  in  a 
larger  space  of  disturbed  air ;  and,  except  on  favourable  nights, 
the  disadvantage  arising  from  this  circumstance  is  often  so 
great,  that  it  is  advisable  to  reduce  the  aperture  by  stops  when 
looking  at  bright  objects.  If  a  small  aperture  shows  a  double 
star  well — that  is,  light  enough,  clear  enough,  and  well  divided 
— a  larger  one  will  seldom  show  it  better,  and  often  worse. 
The  size  of  Mr.  Withes  mirrors,  in  good  weather,  will  notch 
7 2  Andromedge,  which  is  an  excellent  performance  ;  and  they 
find  no  difficulty  at  all  with  stars  like  y  Coronae,  when  the  at¬ 
mosphere  is  favourable.  Larger  sizes,  under  appropriate  cir¬ 
cumstances,  will,  of  course,  do  more. 

We  would  give  another  caution  to  telescope-buyers.  Do 
not  spend  much  money  on  large  mirrors  or  object-glasses, 
and  then  ill-use  them  by  mounting1  them  on  bad  stands.  A 
recent  experiment  showed  that  7  Leonis  was  far  better  shown 
with  a  power  of  about  100,  and  the  stand  made  for  Mr.  Slack, 
than  with  a  mirror  of  the  same  size,  and  between  two  to  three 
hundred  magnification,  on  a  shaky  stand.  In  like  manner  the 
four  stars  of  e  Lyrse  are  more  clearly  seen  with  between  80 
and  90,  and  a  well  mounted  instrument,  than  with  2  St),  and  a 
badly  mounted  one.  Economy  is  an  excellent  thing,  and  we 
are  glad  Mr.  Browning  has  taken  so  much  pains  to  provide 
for  it ;  but  if  an  observer  only  intends  spending  a  given  sum, 
we  recommend  him  to  apportion  it  so  that  he  may  get  a  tho¬ 
roughly  good  stand,  though  so  doing  may  oblige  him  to  be 
content  with  a  smaller  mirror. 
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MR.  WENHAM'S  NEW  BINOCULAR. 

At  the  Soiree  of  the  Microscopic  Society,  Mr.  Wenham  ex¬ 
hibited  a  Binocular  Microscope  intended  for  use  with  the 
higher  powers,  having’  a  new  form  of  prism,  by  means  of  which 
the  whole  of  the  aperture  of  the  object-glass  is  transmitted 
into  each  eye.  In  our  last  number  we  described  a  binocular 
arrangement,  invented  by  Messrs.  Powell  and  Lealand,  by 
means  of  which  this  result  was  first  obtained.  The  main  fault 
of  this  arrangement  is  the  difference  in  the  intensity  of  the 
two  images,  as  the  quantity  of  light  reflected  from  the  first 
surface  of  a  well  polished  plate  of  glass,  set  at  an  angle  of 
45°  is  only  -figth  part  or  53.66  out  of  1000  of  the  incident  rays. 
In  Mr.  Wenhands  plan  the  light  is  obtained  by  combining  two 
internal  reflections,  and  the  result  is  such  that  the  image  is  nearly 
of  equal  intensity  in  both  bodies  of  the  microscope,  the  eye  not 
being  able  to  detect  any  difference.  The  first  experiment 
tried  by  Mr.  W .  with  the  view  of  increasing  the  light  was  by 
means  of  two  small  right-angled  prisms  with  their  diagonals  in 
contact,  this  formed  a  cube  with  parallel  sides,  and  was  placed 
behind  the  object  glass  and  slightly  tilted  beyond  the  range  of 
total  reflection,  so  as  to  allow  the  rays  from  the  object  to  pass 
directly  through ;  the  transverse  reflection  from  the  two 
contact  surfaces  was  thrown  into  the  required  eye-piece  by 
means  of  another  right-angled  prism.  But  eventually  the  pre¬ 
ference  was  given  to  the  annexed  arrangement,  as  it  is  very 
compact  and  fits  into  the  slide  of  the  usual  binocular  microscope 
without  any  alteration  being’  required  in  the  instrument  itself. 

Its  main  feature  consists  of  a  prism  similar  to  the  now  well- 
known  form  but  with  the  angles  slightly  more  inclined,  so  as 
to  allow  a  portion  of  the  rays  to  pass  through  the  first  reflect¬ 
ing  surface  instead  of  being  totally  reflected  therefrom ;  barely 
in  contact  with  this  surface  is  another  prism  whose  upper  plane 
is  parallel  with  the  base  of  the  main  prism,'  the  rays  from  the 
object-glass  will  thus  pass  through  without  refraction  or  dis¬ 
placement,  and  the  rays  reflected  from  the  two  surfaces  will  be 
again  reflected  into  the  opposite  body  just  in  the  same  way  as 
in  the  ordinary  binocular  microscope.  The  surfaces  of  the  two 
prisms  being  almost  in  absolute  contact  both  reflected  images 
are  thrown  to  the  same  point  so  that  there  is  no  appearance  of 
a  double  image.  The  following  illustration  shows  the  prisms 
four  times  the  real  size,  with  the  angles  employed  by  Mr. 
Wenham,  and  of  which  he  has  furnished  us  with  particulars; 
all  the  angles  are  measured  from  the  base. 

A,  A,  rays  transmitted  direct ;  b,  b,  portions  of  the  same  rays 
reflected  into  the  oblique  body  as  usual.  As  the  rays  are 
incident  upon  the  back  of  the  prism  within  the  angle  of  total 
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reflection,  this  surface  should  he  silvered,  in  the  same  way  as 
the  binocular  prisms  supplied  by  Eoss. 

It  might  be  inferred  that  no  stereoscopic  effect  would  be 
obtained  from  the  combination  of  similar  images,  but  it  is 
found  in  practice  that  by  drawing  the  prism  more  or  less  out. 


considerable  latitude  is  obtained  this  way,  and  we  have  Mr. 
Wenhamfs  authority  in  stating  that  the  markings  on  the  most 
difficult  test  appear  in  perfect  relief  with  the  highest  powers, 
and  that  sufficient  control  over  the  relative  direction  of  vision 
can  always  be  obtained  so  as  to  give  the  desired  result.  This 
arrangement  appears  to  remove  all  difficulties  with  respect 
to  obtaining  binocular  and  stereoscopic  vision  with  the  higher 
powers,  from  the  -i-th  upwards;  with  the  lower  powers  the 
perspective  effect  is  not  nearly  so  good  as  with  the  old 
arrangement ;  for  this  reason  and  a  certain  deficiency  of  light 
in  both  eye-pieces,  the  latter  will  be  found  preferable  and  more 
agreeable  in  use  when  such  powers  are  employed. 
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FLORAL  IMMIGRATION  AT  MITCHAM,  SURREY. 

BY  RALPH  TATE,  F.G.S.,  ETC. 

A  botanical  ramble  to  Mitcham  and  Beddington,  on  the  last 
day  of  September  1865,  was,  to  me,  fraught  with  instruc¬ 
tion  and  unusual  interest ;  it  afforded  me  opportunities  of 
mastering  some  few  little  known  and  difficult  plants.  The 
great  attraction,  however,  was  a  flora  recently  introduced, 
through  the  agency  of  the  foreign  grain  trade,  to  this 
neighbourhood. 

The  observations  made  during  that  and  a  subsequent 
excursion,  I  would  submit  to  the  readers  of  this  Journal— to 
direct  attention  to  this  exotic  flora,  and  to  put  on  record  the 
plants  there  noted,  to  the  end  that  in  the  coming’  season, 
botanical  students  may  be  induced  to  collect,  and  so  furnish  a 
complete  list  of  the  species.  Two  questions  suggest  them¬ 
selves,  the  solutions  of  which  are  desirable, — 1st,  To  what 
extent  have  the  species  established  themselves  ?  2nd,  How  far 
have  the  established  species  replaced  the  indigenous  flora  of 
the  immediate  neighbourhood  ? 

I  will  at  once  proceed  to  indicate  the  route  to  be  taken  to 
reach  this  interesting  locality,  and  to  add  a  few  remarks  upon 
the  plants  observed  during  the  walk  thither. 

We  started,  I  and  a  botanical  friend,  from  London  Bridge 
by  rail  to  Beddington.  Our  walk  lay  across  Mitcham  Common 
and  though  narrow  as  is  the  expanse  of  common  land,  yet  fre¬ 
quent  detentions  made  the  journey  long  •  halting'  to  gather 
Anthemis  nobilis  and  TJlex  nanus,  again  to  discuss  the  differen¬ 
tial  characters  of  Thymus  serpyllum  and  T.  chamcedrys,  both  of 
which  grow  here ;  the  latter,  however,  being  much  the  com¬ 
moner  plant.  The  differences  between  these  two  British 
thymes  are  more  apparent  than  real  ;  for  though  the  habits  of 
the  two  plants  are  markedly  distinct,  yet  the  structural  dif¬ 
ferences  appear  to  me  only  differences  in  degree.  Stayino* 
awhile  attracted  by  the  blossoms  of  Hieracium  pilo sella,  flowed 
mg,  as  was  the  case  with  many  vernal  species,  for  the  second 
time  during  the  year,  we  continued  on  our  way  until  arrested 
by  the  dned-up  bottom  of  a  small  pond,  on  the  verg’e  of  the 
road  near  the  entry  of  the  lane  leading  by  the  tavern.  The 
plants  collected  here  were,  Nasturtium  palustre,  Myosotis 
ccespitosa,  Mentha  jpulegium,  Chenopodium  rubrum,  dwarf  variety 
(abundant),  etc.  This  Chenopodium  in  the  Flora  of  Surrey  is 
given  under  the  name  of  0.  botryoides,  but  Mr.  H.  C.  Watson 
writes  m  the  Journal  of  Botany,  p.  78,  March  1866,  concerning 
this  plant,  that  “  it  is  really  a  state  or  variety  of  G.  rubrum,  and 
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not  tlie  true  G.  botryoides  of  tlie  south-east  coast.”  This  variety 
is  recorded  in  the  Surrey  Flora  from  several  localities,  the 
habitat  being  “  margins  of  ponds  frequented  by  geese the 
additional  locality  at  Mitcham  offers  no  exception  to  the  observed, 
occurrence  of  this  form.  Query,  Is  this  attachment  of  the  plant 
to  the  haunts  of  the  goose  accidental  or  not  ?  Do  the  geese 
feed  upon  it  and  so  dwarf  it  ? 

Proceeding  down  the  lane,  I  observed  growing  in  the  hedge 
and  ditch  sides  near  the  inn,  Hyoscyamus  niger,  Solarium  dul¬ 
camara,  S.  eu-nigrum ,  (S.  miniatum,  with  its  red  berries,  should 
be  looked  for),  Polygonum  nodosum ,  P.  hydropiper,  P.  convol¬ 
vulus,  and  Arctium  magus  and  A.  intermedius.  My  companion 
pointed  out  to  me  a  character  by  which  Arctium  magus  may  be 
distinguished  from  its  allies,  at  least,  the  character  is  valuable 
as  a  preliminary  test;  the  petiole  of  A.  magus  is  solid,  whilst 
that  of  A.  intermedius  is  fistulose.  The  basal  leaves  of  the 
species  of  this  genus  should  be  studied. 

F urther  down  the  lane,  I  gathered  Ghelidonium  magus,  Sison 
anomum,  Bidens  cernua,  Inula  dysenterica,  Ghenopodium  poly- 
spermum  /3  acutifolium,  Poa  nemoralis,  and  some  blackberries. 
I  certainly  preferred  the  fruit  of  Buhus  corylifolius  to  that  of 
P.  discolor. 

At  a  distance  of  some  two  or  three  hundred  yards  from  the 
inn,  the  goal  is  reached.  Entering  a  gate  on  the  right  hand 
side  of  the  road,  easily  to  be  remembered  by  the  arrow  of  Her 
Majesty^s  Surveyors  cut  on  the  post,  we  are  at  once  amongst 
the  refuse  of  foreign  grain,  which  has  been  brought  to  this  spot 
from  Wandsworth,  and  turned  out  in  a  continuous  heap  down 
the  centre  of  the  grass  field.  Few  specimens  were  gathered 
here,  for  some  recent  alterations  had  destroyed  the  mass  of  the 
plants  ;  however,  Setaria  viridis ,  Serrafadcus  arvensis,  Amaran- 
thus  retroflexus ,  Plantago  arenaria  (posesses  a  distinct  stem), 
Malva  parviflora  (known  by  its  small  flowers),  and  M.  flexuos a 
(resembling  the  former,  but  easily  distinguished  by  its  pubes¬ 
cent  carpels),  were  collected. 

Following  the  bridle  road,  we  passed  a  small  pond,  on  the 
margins  of  which  were  seen  growing  Senecio  erucifolius 
and  Lathyrus  nissolia ;  some  yards  beyond  this  is  a  small 
cottage,  and  in  the  waste  grounds  near,  much  of  the  com 
refuse  had  been  thrown ;  here  we  found  numerous  plants,  such 
that  the  most  casual  observer  would  at  once  pronounce  to  be 
un-English.  From  these  heaps  many  species  have  diffused 
themselves  into  the  corn-field  adjoining.  These  two  localities 
have  yielded  to  me  the  following  species  : — 

Of  the  Cruciferse,  Sinapis  alba  is  common,  S.  dissecta  may 
be  expected  to  be  found,  it  has  pinnatripartite  leaves,  with 
pinnatifid  lobes ;  a  few  plants  of  IJiplotaxis  erucoides,  the 
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flower  of  which  is  strikingly  handsome,  the  colouration  is  that 
of  a  purple  or  lake  Maltese  cross  on  a  cream-coloured  ground; 
Erysimum  orientate  and  Erucastrum  complete  the  list  of  cru¬ 
ciferous  plants. 

The  Leguminosae  constitute  a  very  large  proportion  of  the 
flora,,  being  specifically  and  numerically  strong ;  the  genera, 
Trifolium ,  Medicago,  and  Melilotus 3  being  well  represented  in 
species  and  individuals.  Melilotus  sulcata  is  abundant;  this 
species  is  readily  distinguished  from  M.  parviflora,  which 
accompanies  it,  for  in  the  former  the  pods  are  ornamented  with 
arched  ribs.,  whilst  in  the  latter  the  surface  of  the  pod  is  irre¬ 
gularly  wrinkled ;  the  species  differ  much  in  appearance ; 
M.  messanensis  is  a  large  podded  plants  the  racemes  are 
few  flowered.  The  clovers  are  represented  by  three  species, 
T.  resupinatum,  with  its  prostrate  branches  bearing  woolly 
globular  heads,,  was  found  covering  a  circular  space  of  two  feet 
in  diameter.  T.  hybridum  is  rare  ;  it  resembles  T.  repens,  but 
is  much  larger,  and  erect ;  the  calyx  teeth  are  setaceous,  and  the 
veins  of  the  leaf,  which  are  very  numerous,,  denticulate  the 
margin.  The  third  species  is  closely  allied  to  T .  supinum, 
many  specimens  were  met  with.  A  very  interesting  series  of 
Medicagos ,  exhibiting  great  variation  in  the  form  and  armature 
of  the  legumes,  occur.  The  most  frequent  is  M.  denticulata, 
var.  apiculata ;  M.  maculata  is  common,  the  leaflets  wanting* 
the  coloured  spot  in  the  centre ;  M.  ciliaris,  with  its  globose 
helix,  is  rare.  A  single  specimen  of  Arthrolobium  scorpioides 
was  found.  A  genus,  Scopiurus,  unknown  in  the  indigenous 
flora  of  Great  Britain,  is  represented  at  Mitcham  by  a  single 
species,  S.  suhvillosa,  of  rare  occurrence.  The  genus  is  cha¬ 
racterized  by  its  lomentaceous  pod  and  its  entire  attenuated 
leaves.  One  of  the  most  widely-dispersed  of  these  exotics  is  a 
herbaceous  species  of  Ononis,  0.  mitissima. 

Ammi  visnaga  and  A.  majus  are  not  rare.  The  genus  is 
unrepresented  in  the  native  flora  of  this  country;  it  gives  its 
name  to  a  tribe,  but  has  the  habit  of  a  E'aucus.  The  other 
IT MBELLIFEB2E  observed  were  Gaucalis  daucoides  and  Torilis 
nodosa. 

The  order  Composita  is  well  represented :  —B arlch ausia 
setosa,  a  few  plants ;  Gentaurea  solstitialis,  several  specimens  ; 
an  individual  of  Pinardia  coronaria,  the  genus  is  perhaps  not 
distinct  from  Chrysanthemum  ;  the  curious  genus,  Calendida,  of 
which  the  garden  marigold  is  a  good  example,  is  represented 
by  a  small  wiry  plant,  G.  arvensis  ;  a  chicory,  apparently  Gicho- 
rium  glabratum,  is  not  unfrequent. 

Linaria  elatine ,  L.  spuria,  Anagallis  ccerulea ,  and  Euphor¬ 
bia  platyphylla,  are  very  abundant,  they  are  all,  without  doubt, 
natives ;  this  locality  is  a  new  station  for  the  last-named  species. 
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Plantcigo  lagopus  was  seen  among  the  vegetation  of  the 
waste  heaps.  Its  exceedingly  woolly  heads  enable  one  to  dis¬ 
tinguish  it  at  a  glance  from  P.  lanceolata.  Amaranthus  retro- 
flexus  is  common.  Polygonum  arenaria  has  an  erect,  slender 
stem,  and  though  closely  resembling  P.  aviculare,  is  not  an 
inelegant  plant ;  it  is  rare.  A  R  um  ex,  closely  resembling 
P.  scutatus,  is  very  common. 

Chenopodiaceous  plants  are  in  great  profusion.  The  species 
are  : — Chenopodium  olidum,  G.  polyspermum,  C.  murale ,  C. 
urbicum ,  G.  album  (3  viride ,  and  G.  opidifolium,  the  latter 
species  is  closely  allied  to  G.  album ;  Atriplex  rosea,  a  some¬ 
what  erect  plant,  with  a  buff-coloured  stem.  The  grasses 
foundwere  Set  aria  viridis,  Phalaris  canariensis,  andP.  aguatica, 
the  latter  is  known  by  the  lacerated  edge  of  the  wings  of  the 
glumes,  and  Serrafalcus  arvensis  and  S.  patulus. 

Several  of  the  species  mentioned  above  are  known  British 
plants,  and  as  they  grow  about  the  rubbish  heaps,  it  is  difficult 
to  decide  whether  they  are  indigenous  or  not  to  this  locality ; 
but  I  had  some  means  of  judging  whether  a  species  had  claim 
or  not  to  rank  among  our  native  weeds ;  for  though  many 
exotics  had  extended  themselves  into  the  neighbouring  corn¬ 
field,  yet  I  observed  that  they  diminished  in  numbers,  and 
finally  disappeared  as  the  distance  from  the  refuse  heaps 
increased.  The  species  collected  during  the  two  visits  are 
arranged  in  the  following  lists,  one  list  giving  the  species  that 
have  evidently  been  introduced  with  the  foreign  grain,  and 
a  second,  including  the  British  plants  associated  with  the 
former : — 

List  I. — Introduced  Species. 


1.  Sinapis  alba. 

2.  Erucastrum. 

3.  Piplotaxis  erucoides. 

4.  Erysimum  orientale. 

5.  Trifolium  resupinatum. 

6.  - - hybridum. 

7.  - -  supinum  ? 

8.  Melilotus  parviflora. 

9.  - sulcata. 

10.  - messanensis.  $ 

11.  Medicago  denticulata  vai\  apicu- 

lata. 

12.  - maculata. 

13.  - - ciliaris. 

14.  Ononis  mitissima. 

15.  Scorpiurus  subvillosa. 

16.  Artbrolobium  scorpioides. 

17.  Malva  parviflora. 

18.  - flexuosa.  a 

19.  Ammi  visnaga. 

20.  - majus. 

21.  Caucalis  daucoides. 

22.  Barkhausia  setosa. 


23.  Calendula  arvensis. 

24.  Pinardia  coronaria. 

25.  Cichorium  glabi-atum. 

26.  Centaurea  solstitiaiis. 

27.  Plantago  lagopus. 

28.  - arenaria. 

29.  Rumex  scutatus  ? 

30.  Chenopodium  murale. 

31 .  - - - - polyspermum. 

32.  - olidum. 

33.  - album  /3.  viride. 

34.  * - —  opulifolium. 

35.  - urbicum. 

36.  Atriplex  rosea. 

37.  - • 

38.  Polygonum  arenaria. 

39.  Amaranthus  retroflexus. 

40.  Setaria  viridis. 

41.  Phalaris  aquatica. 

42.  - canariensis. 

43.  Serrafalcus  patulus. 

44.  — - — .  arvensis. 
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List  II* — Indigenous  Species  associated  with  those  op  the 

former  List. 


1.  Torilis  infesta. 

2.  Linaria  elatine. 


5.  Anagallis  arvensis. 

6.  Senecio  erucifolius. 

7.  Euphorbia  platyphylla. 

8.  Alopecurus  agrestris. 


3. - spuria. 


4.  Anagallis  cserulea. 


The  species  of  list  No.  I.  are  wayside  and  agral  plants  of 
mid-southern  Europe.  Many  of  these  have  been  recorded,  on 
the  authority  of  Mr.  Irvine,  in  an  appendix  to  the  Flora  of 
Surrey ,  from  the  banks  of  the  Wandle  at  Wandsworth.  But 
I  have  deemed  it  advisable  to  give  this  list,  as  the  species 
have,  at  the  locality  described,  a  better  chance  of  establishing 
themselves,  and  may  thus  co-mingle  with  the  indigenous  plants 
of  the  immediate  neighbourhood ;  but  before  this  occurs,  while 
we  have  the  means  of  determining  the  source,  it  would  be  well 
to  make  known  the  species  that  are  thus  introduced,  and 
therefore  I  urge  botanists  to  visit  frequently  this  locality  during 
the  coming  season. 

In  conclusion,  I  would  record  the  discovery  of  Pap  aver 
lecoqii ,  in  a  potatoe  field,  bordering  the  railway,  near  the  village 
of  Mitcham.  Momordica  elaterium ,  a  cucurbitaceous  plant 
with  an  elastic  fruit,  and  when  ripe'  squirting  out  the  seeds,  on 
being  touched,  was  found  on  the  road  sides  between  East 
Croydon  and  Mitcham.  It  is  there  an  escape  from  cultivation  ; 
it  is  grown  for  the  oil  that  the  seeds  yield. 
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GASSIOUS  ELECTRICAL  RESEARCHES  WITH 

VACUUM  TUBES. 

( With  a  Coloured  Plate.') 

I n  the  March  Number  of  the  Intellectual  Obseevee,  an  attempt 
was  made  to  represent  the  extremely  beautiful  and  curious 
appearance  of  the  electrical  discharge  from  4000  series  of 
the  elements  of  the  voltaic  battery,  when  taken  in  a  vacuum 
tube,  under  certain  conditions  therein  described.  We  now 
present  to  our  readers  another  plate  with  drawings  of  the  dis¬ 
charges  as  they  appear  with  an  increased  amount  of  resistance 
introduced  in  the  circuit.  With  the  greatest  amount  through 
which  the  discharge  will  pass,  it  assumes  a  faint  cloud-like,  or 
nebulous  character,  slightly  stratified  in  the  narrow  portion  of 
the  tube  near  the  negative  glow.  As  the  amount  of  resistance 
in  the  circuit  is  reduced,  the  entire  length  of  the  positive  dis¬ 
charge  becomes  stratified  in  cresent-shaped  forms  as  in  the 
figure.  The  figures  in  this  and  in  the  previously  published 
plate,  shew  the  gradual  progress  of  the  discharges. 

With  the  usual  voltaic  battery,  either  of  Grove,  Daniel,  or 
Smee,  it  is  the  positive  terminal  that  becomes  red-hot — with 
the  discharge  from  an  induction  coil  it  is  invariably  the  nega¬ 
tive — and  this  is  also  the  case  with  Mr.  GassioEs  battery. 
Many  of  the  tubes  with  which  he  has  from  time  to  time  experi¬ 
mented,  have  in  this  manner  been  destroyed  by  the  heat  of 
the  negative  wire  fracturing  the  glass,  and  in  one  instance  in  a 
tube  in  which  balls  of  aluminium,  J  inch  diameter,  were  attached 
to  inserted  platinum  wires,  a  remarkable  result  was  obtained. 
The  platinum  wires  attached  to  the  balls  were  sealed  in  the 
vacuum  tube  about  four  inches  apart,  one  being  attached  to 
the  positive,  the  other  to  the  negative  terminal  of  the  battery. 
The  stratified  discharges  with  crescent-formed  striae  were  then 
developed.  The  discharges  continued  for  about  one  minute, 
during  which  time  the  tube  was  heated  by  a  spirit  lamp; 
suddenly  the  negative  ball  appeared  to  swell  and  become  red- 
hot,  melting  off  from  the  end  of  the  platinum  wire — the  glass 
being  warm  was  not  fractured  by  the  heated  metal,  which 
almost  instantly  cooled.  On  examining  the  tube,  it  was  ascer¬ 
tained  the  vacuum  had  in  no  way  altered.  The  negative  ball 
remained  considerably  enlarged  and  shapeless,  while  the 
positive  was  not  in  the  slightest  manner  changed,  the  brilliant 
polish  of  the  metal  remaining  as  when  the  ball  was  originally 
placed  within  the  tube. 

Not  only  is  this  heating  of  the  negative  terminal  in  itself 
a  curious  phenomena  of  the  voltaic  discharge  in  vacuo  in  con¬ 
tradistinction  to  the  heating  of  the  positive  terminal  with  the 
voltaic  arc  in  air,  but  the  still  more  remarkable  fact  that,  how 
VOL.  IX. — NO.  IV.  u 


290  Gassiot’s  Electrical  Researches  with  Vacuum  Tubes. 

ever  long  the  discharge  may  continue  in  vacuo,  there  is  not 
the  slightest  perceptible  effect  in  the  positive  terminal,  while 
the  negative  will  be  dissipated  in  the  form  of  vapour, 
which  vapour  is  ultimately  deposited  on  the  sides  of  the 
tube  at  right  angles  to  the  discharge.  When  a  gold  leaf  is 
used  as  a  positive  terminal,  it  will  during  the  time  of  the 
discharge  remain  perfectly  rigid,  and  is  on  subsequent  exami¬ 
nation  found  to  be  in  no  way  changed. 

With  Mr.  Gassioffs  battery  the  discharges  can  be  so  modified 
as  to  show  two  experiments,  which  are  very  instructive.  A 
vacuum-tube  with  the  potash  remaining  at  one  end  is  intro¬ 
duced  in  the  terminal  of  800  cells,  without  the  discharge 
passing,  and  in  this  state  the  potash  is  gently  heated  by  a  spirit- 
lamp.  Suddenly  a  luminous  discharge  will  appear,  and  as  the 
potash  is  further  heated  striae  become  visible,  at  first  of  a  large 
cloud-like  appearance,  and  subsequently  very  narrow. 

By  this  experiment  it  is  shown  that  matter  is  indispensable 
for  electrical  conduction,  and  on  the  amount  of  matter  depends 
the  shape  and  appearance  of  the  stratifications. 

The  other  experiment  is  that  which  proves  that  the  electrical 
discharge  will  not  pass  through  what  is  termed  the  magnetic  field, 
or  the  space  intervening  between  the  poles  of  a  magnet.  The 
discharge  from  2000  cells  was  passed  through  a  vacuum-tube 
showing  the  usual  stratified  appearance.  In  this  state  the  tube 
was  placed  in  different  positions  on  the  poles  of  a  powerful 
electro-magnet.  The  discharge  was  deflected,  showing  a 
tendency  to  rotate  round  the  poles.  But  when  the  tube  was 
placed  between  the  poles  the  discharge  was  instantly  extin¬ 
guished;  reappearing  as  the  tube  was  withdrawn  from  the 
magnetic  field. 

We  are  indebted  to  Mr.  Gassiot  for  permission  to  copy  the 
drawing  from,  which  our  coloured  plate  was  taken,  and  he  has 
also  allowed  us  to  use  his  laboratory  notes  in  preparing  the 
preceding  account.  We  are  glad  to  learn  that  he  is  engaged 
in  a  fresh  series  of  investigations  and  experiments,  which,  it  is 
hoped,  will  further  elucidate  the  very  difficult  subject  of 
stratified  discharges,  and  when  they  are  completed  we  shall 
hope  to  lay  the  results  before  our  readers. 


ELECTRIC  DISCHARGES  IN  VACUUM  TUBE, 
Belonging  to  J.  P.  Gassiot,  Esq.,  F.R.S. 

(Plate  II.) 
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MICRO-SPECTROSCOPE  INVESTIGATION'S. 

LETTER  FROM  PROFESSOR  CHURCH. 

The  Editor  has  received  the  following  interesting  letter  from 
Professor  Church. 

“  Have  you  tried  the  experiment  with  chloride  of  cobalt, 
which  I  mentioned  to  you  ?  If  you  take  the  saturated  cold 
solution  of  this  salt  it  will  give  the  spectrum  roughly  sketched 
in  Pig.  1,*  a  thinner  film  of  the  same  solution,  heated  (on  a 
glass  slide  with  thin  cover)  over  the  candle  or  lamp  gives  the 
spectrum  drawn  in  Pig.  2.f  You  will  notice  two  black  bands,  I 
had  almost  said  lines,  in  the  red.  As  might  be  predicted  from 
the  change  of  colour  on  heating,  the  solution  is  afterwards 
much  more  transparent  to  rays  beyond  D.  The  chloride  of 
copper  and  nickel  also  gave  very  interesting  results. 

But  I  think  you  will  be  most  pleased  with  the  experiment 
I  have  now  to  relate.  I  have  worked  lately  on  the  spectra  of 
pleochroic  minerals  and  salts.  Among  the  minerals  recently 
examined  were  several  fine  specimens  of  the  true  zircon  or 
jargoon,  a  silicate  of  zirconia.  These  gave  a  beautiful  and 
most  characteristic  system  of  seven  dark  bands  quite  different 
from  those  belonging  to  any  other  substance  yet  examined.  They 
are  roughly  sketched  in  the  following  figure.  Zircons  as  colour  - 
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less  as  common  glass  shew  these  bands  as  well,  perhaps  better, 
than  those  possessed  of  colour.  They  are  to  be  observed  with 
zircons  which  have  been  ignited  as  well  as  with  those  still  in 
their  natural  condition.  But  some  zircons  show  the  pheno¬ 
menon  better  than  others,  this  difference  not  being  due  appa¬ 
rently  to  the  colour  of  the  stone  or  the  thickness  through 
which  the  light  traverses.  I  am  not  quite  sure,  but  I  incline 
to  think  that  those  zircons  which  have  come  from  some  locali¬ 
ties  shew  the  bands  better  than  those  from  others.  Several 
Expailly  specimens  scarcely  exhibit  anything  of  this  kind;  all 

*  The  Figure  alluded  to  shews  the  red  darkened,  the  orange  light,  and  a  broad 
dark  band  commencing  to  the  right  of  the  yellow  and  extending  beyond  the  line 
F,  the  remainder  of  the  spectrum  is  cloudy. 

f  Fig.  2  shows  the  narrow  black  bands  in  the  red,  modified  tints  replacing  the 
broad  dark  band  of  Fig.  1,  the  blue  coming  out  clear.  The  experiment  is  a  very 
beautiful  one. 
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those  from  Ceylon  and  Norway  show  the  bands  well.  From 
this  observation  I  am  induced  to  hazard  the  conjecture  that  it 
may  be,  after  all,  the  presence  of  Swanberg's  norium  which 
determines  the  difference.  You  are  aware  that  the  orange 
jacinth,  a  variety  of  zircon,  is  very  precious,  and  that  the 
essonite  of  cinnamon-garnet  is  constantly  sold  for  it.  Curiously 
enough,  the  cinnamon- garnet,  or  essonite,  (a  lime-garnet),  has 
no  conspicuous  dark  absorption- bands  at  all,  and  so  the  spec¬ 
troscope  may  be  brought  to  bear  upon  the  discrimination  of 
these  two  stones.  We  have  thus  a  much  more  ready  process 
than  that  of  taking  the  density  of  the  specimens.  The  lime- 
garnet  is  of  comparatively  small  value.  The  iron-garnet  of 
different  shades  (carbuncle,  almondine,  etc.)  gives  a  beautiful 
and  very  characteristic  spectrum  with  several  intensely  deep 
absorption  bands. 

I  write  these  particulars  of  my  experiments  at  once,  for  I 
thought  you  might  like  to  make  a  little  paragraph  about  them 
for  the  readers  of  the  Intellectual  Observer. 

I  ought  to  add  that  the  absorption  bands  of  zircon  resemble 
those  of  didymiurn,  discovered  by  Gladstone,  in  their  sharpness 
and  in  their  being  produced  by  the  passage  of  light  through  a 
colourless  medium.  Silica,  the  other  constituent  of  zircon, 
gives  no  bands. 
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RESULTS  OF  METEOROLOGICAL  OBSERVATIONS*  MADE  AT  THE 

KEW  OBSERVATORY. 

LATITUDE  51°  28'  6"  N.,  LONGITUDE  0°  18'  47"  W. 

BY  G.  M.  WHIPPLE. 


16. 

Eeduced  to  mean  of  day. 

Temperature  of  Air. 

At  9’30  a.m.  ,  2-30  p.si.,  and  5  p.m. 
respectively. 

Eain — 
read  at 
10 

A.  IX. 

W 

ith. 

Barometer,  corrected 
to  Temp.  32\* 

I  1 

Temperature  of  Air. 

Calculated. 

Maximum,  read  at  9'30 
a.m.  on  the  following 
day. 

Minimum,  read  at 

9’30  a.m. 

Daily  Eange. 

Proportion  of  Sky 
clouded. 

Direction  of  Wind. 

Dew  Point. 

Belative  Humidity. 

Tension  of  Yapour. 

inches. 

O 

O 

inch. 

0 

O 

O 

0—10 

inches. 

1 

29740 

39-3 

34-5 

•85 

•258 

43-7 

35-0 

8-7 

0,  0, 

1 

SW,  W  by  S,  SW. 

0-284 

2 

29-912 

45-3 

39-0 

•81 

•318 

49-7 

36 '4 

13-3 

5,10, 

10 

S  by  W,S  by  W,  S  byW. 

•ooo 

3 

29-977 

42'4 

37‘5 

•84 

•287 

47-9 

40-3 

7-6 

0,  5, 

9 

SW,  SW  by  W,  S  by  W. 

•086 

4 

29-799 

47-6 

42-4 

•83 

•344 

50-7 

41-6 

9-1 

10,  6, 

4 

S,  S,  S. 

•020 

5 

29-870 

44-6 

42-4 

•92 

•310 

48-8 

45-6 

3 ‘2 

10, 10, 

10 

SW,fN  bv  W,  NNW. 

•066 

6 

30  094 

37-3 

34-3 

•90 

*240 

1  41-5 

35-2 

63 

8,  5, 

4 

WSW,  W,  W  by  S. 

•005 

ft 

i 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1  50-0 

32-9 

17*1 

•  •  •  •  •  • 

•158 

8 

29-264 

43-5 

33-7 

•71 

•298 

48-7 

40.8 

7-9 

3,  8, 

6 

w,  w,  w. 

•310 

9 

29-057 

34-6 

29-4 

•83 

•218 

40-3 

34-2 

6A 

1,  3, 

0 

WSW,  WSW,  WSW. 

•036 

10 

29-226 

39-6 

34-4 

•83 

•260 

43-7 

326 

111 

9, 10, 

0 

W,  W,  SW  by  W. 

•006 

11 

29-010 

34-3 

29-3 

•84 

‘  *216 

36-7 

31-9 

4.8 

10, 10, 

2 

NE  by  N,  NE  by  N/N. 

f-960 

12 

29-767 

32-4 

28-2 

•86 

•202 

36-3 

23-6 

12-7 

10,  1, 

2 

WSW,  WNW,  NW  by  W. 

f-253 

13 

29-568 

42-2 

37-6 

•86 

•285 

46-5 

20-9 

25-6 

10, 10, 

10 

S  by  W,  SW  by  S,  WbyS. 

•084 

14 

•  •  • 

•  •  « 

i  •  i 

.  .  • 

521 

39-2 

12*9 

•  •  • 

•  •  •  t  •  • 

T98 

15 

30-009 

45-5 

37-7 

•76 

•320 

49-8 

44-3 

5-5 

1,  1, 

2 

WSW,  W  by  S,  W  by  S. 

T56 

16 

29-761 

48-2 

43-7 

•86 

*351 

51-2 

41-1 

10-1 

10,  6, 

8 

SW  by  S,  W  by  S,  WSW. 

•130 

17 

30-172 

47-4 

44-6 

•91 

•341 

51-7 

40-1 

11-6 

10, 10, 

8 

SW  by  S,  W  by  S,  W  by  S. 

•045 

18 

30-050 

46-4 

44'4 

•93 

•330 

49-5 

43.1 

6  4 

10, 10, 

10 

SSW,  SW,  SW  by  S. 

•035 

19 

29-744 

47-2 

40-6 

•80 

•339 

51-2 

45-7 

5'5 

2,  9, 

3 

WSW,  SW,  SW. 

•108 

20 

29655 

47-1 

42-6 

•86 

•338 

51-5 

44-1 

7-4 

8,  7, 

9 

SW,  W,  NW  by  W. 

•127 

21 

... 

%  %  % 

•  .  . 

52-7 

38-8 

13-9 

•  .  •  •  •  • 

•020 

22 

29-774 

50-7 

49-2 

•95 

•382 

53-7 

483 

5‘4 

io,  io, 

10 

SW,  SW,  SW. 

•ooo 

23 

30-252 

45-8 

38-4 

•77 

•323 

49-4 

40-7 

8-7 

3,  3, 

6 

NW  by  W,  NW,  WNW. 

•230 

24 

30-598 

40-5 

36-5 

•87 

•269 

45-9 

32-6 

133 

0,  8, 

3 

SW  by  W,  NW,  W. 

•ooo 

25 

30-630 

406 

37-3 

•89 

•270 

43-7 

33-5 

10-2 

9,  10, 

8 

SW,  W  by  S,  — . 

•ooo 

26 

30-572 

39-3 

37-8 

•95 

•258 

43-8 

30-3 

13-5 

10,  8, 

10 

— ,  SW,  — . 

•008 

27 

30-326 

40-1 

36-2 

•87 

•265 

41-9 

330 

8-9 

10,  .10, 

7 

NW  by  N,  N  by  E,  E  by  S. 

•ooo 

28 

... 

... 

•  •  • 

,  # 

48-7 

38-5 

102 

•  •  •  • 

•ooo 

29 

29-839 

43*3 

30-7 

•64 

•296 

45-8 

43-4 

2-4 

1,  7, 

2 

W,  W  by  N,  WNW. 

•052 

30 

30046 

40-8 

37-1 

•88 

;271 

44-8 

35-0 

9-8 

8, 10, 

10 

ESE,  E,  E  by  N. 

•ooo 

31 

29-530 

47  5 

44-8 

•91 

•343 

49-5 

38*1 

11-4 

10, 10, 

2 

SSE,  S,  SW  by  S. 

•007 

ly ! 
is.  ) 

29-860 

42-7 

37-9 

•85 

•294* 

1 

•  •  • 

9-7 

•  •  • 

•  #  •  i  •  « 

3-384 

*  To  obtain  the  Barometric  pressure  at  the  sea-level  these  numbers  must  be  increased  by  *037  inch. 

t  Bain  and  melted  snow. 
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RESULTS  OF  METEOROLOG-ICAL  OBSERVATIONS  MADE  AT  THE 

FEW  OBSERVATORY. 


LATITUDE  51°  28'  6"  N.,  LONGITUDE  0°  18'  47"  W. 


S66. 

Seduced  to  mean  of  day. 

Temperature  of  Air. 

At  9'30  A.M.,  2-30  p.m.,  and  5  p.m.. 

respectively. 

•n 

V  cilC  U.1  ci  L  C  U.  • 

Maximum,  read  at  9 ‘30 
a.m.  on  the  following 
day. 

Day 

of 

onth. 

• 

Barometer,  correcte 
to  Temp.  32°.* 

Temperature  of  Ai: 

• 

‘o 

Pi 

is 

<B 

ft 

Relative  Humidity. 

Tension  of  Vapour. 

Minimum,  read  at 
9'30  a.m. 

Daily  Range. 

Proportion  of  Sky 
clouded. 

Direction  of  Wind. 

Rain — 
read  at 
10 

A.M. 

b.  1 

inches. 

29-329 

50*5 

*48-1 

•92 

inch. 

•380 

55-2 

46-3 

O 

8-9 

0 — 10 

9,  10,  10 

ssw,  sw,  sw. 

inches. 

0-329 

2 

29’464 

48-3 

42-8 

•83 

•352 

53-5 

47-0 

65 

10,  9,  2 

N,  W,  W. 

*380 

3 

22-659 

42-7 

38-4 

•86 

•290 

49*4 

37-5 

11-9 

7,  9,  9 

SSW,  w,  w. 

*015 

4 

... 

•  •  • 

36-7 

•  •  . 

•  *  • 

51-5 

37-3 

14-2 

*257 

5 

29-966 

45-5 

•74 

•320 

54T 

39-5 

14-6 

2,  8,  8 

W,  W  by  S,  WSW. 

•372 

6 

29-823 

50-7 

42-6 

•76 

•382 

54-7 

43-8 

10-9 

1,  3,  5 

SW,  W,  WSW. 

•013 

7 

29-627 

49-0 

40-8 

•75 

•361 

54-8 

50-8 

4-0 

10,  3,  2 

W,  W,  WSW. 

•024 

8 

29-942 

42-6 

33-8 

•73 

•289 

47-2 

38-9 

8-3 

3,  2,  0 

SW  byW,  Wby  S,  W  by  S. 

•080 

9 

29-699 

48-1 

49-8 

•96 

•350 

52-0 

40-4 

11-6 

10, 10, 10 

SSW,  SSW,  SW  by  S. 

•019 

10 

29-526 

46-9 

40-6 

•81 

•336 

50-7 

42-5 

8-2 

6,  3,  6 

SSW,  SW,  SW  by  W. 

•392  t 

11 

29*414 

•  •  • 

.  .  • 

•  •  • 

•  •  • 

48-3 

41-9 

6-4 

•190 

12 

40-7 

32-6 

•75 

•271 

44-0 

39-5 

4-5 

9,  8,  2 

WSW,  W  by  N,  W  by  S. 

*357 

13 

29-717 

37-1 

25-0 

•65 

•239 

44-0 

30-6 

13-4 

7,  0,  0 

NW  by  W,  W,  W  by  N. 

*000 

14 

29-568 

39-4 

35-6 

•87 

•259 

44-8 

28-4 

16-4 

10, 10,  10 

S  by  E,  S,  S. 

•ooo 

lb 

29-496 

39-1 

32-8 

•80 

•256 

44-0 

31-5 

12*5 

10,  9,10 

SW  by  W,  W  by  S,  W  by  S. 

•227 

16 

29-510 

42-9 

42-2 

•97 

•292 

45-1 

37-2 

7‘9 

10, 10, 10 

SW,  NE,  — . 

•356 

17 

29*882 

37-2 

31-8 

•83 

•239 

38-7 

37-3 

1-4 

9, 10,  — 

NNE,  NNW,  — , 

*185 

18 

... 

•  •  • 

•  •  • 

•  •  • 

40  3 

26-0 

14-3 

•004 

19 

30-045 

37-4 

29-9 

•77 

•241 

43-5 

27-8 

157 

0,  6,  4 

•ooo 

20 

30-023 

37-8 

30-5 

•77 

•245 

41-8 

24-6 

17-2 

10,  3,  3 

SW,  N  by  E,  NNE. 

*000 

21 

30-282 

38-6 

33-0 

•82 

•251 

42-7 

28-5 

14-2 

8,  8,  6 

NNE,  N  by  E,  N  by  E. 

•ooo 

22 

30-073 

39-6 

37-8 

•94 

•260 

45-3 

27-2 

1ST 

10,10,  8 

SW  by  S,  SW,  SW  by  W. 

•ooo 

23 

29-757 

45-5, 

38-2 

•77, 

•320 

50-9 

33-0 

17-9 

10,  8,  4 

SW  by  S,  W  by  S,  W. 

•012 

24 

29-944 

40-3 

28-3 

•65 

•267 

44-8 

342 

10-6 

0,  3,  4 

W  by  N,  W  by  N,  W SW. 

•ooo  1 

25 

... 

*  •  • 

•  •  • 

•  •  • 

46-5 

38-4 

8-1 

•037  | 

26 

29-368 

38-1 

34-8 

•89 

•247 

42-9 

36  2 

6-7 

10,  6,  3 

SSE,  W,  — . 

•080  | 

27 

29-432 

34- 3 1 

31-2 

•90 

•216 

36-9 

32-2 

4-7 

10, 10, 10 

N,  NE  by  N,  NE  by  N. 

*389f 

•ooo 

28 

29-263; 

32-4 

27-6 

*84: 

•202 

36-0 

30-4 

5-6 

10,10,  8 

MW,  NNE,  N  by  E. 

ly  l 

ans.j 

29-700 

41-8 
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*  To  obtain  the  Barometric  pressure  at  the  sea-level  these  numbers  must  be  increased  by  *037  inch. 

t  Bain  or  melted  snow. 
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RESULTS  OF  METEOROLOGICAL  OBSERVATIONS  MADE  AT  THE 

EEW  OBSERVATORY. 


LATITUDE  51°  28'  6"  N.,  LONGITUDE  0°  18'  47"  W. 


566. 

Reduced  to  mean  of  day. 

Temperature  of  Air. 

At  9'30  a.m.,  2.30  p.m.,  and  5  r.M., 
respectively. 

Rain — 
read  at 
10 
A.M. 

■>ay 

of 

onth. 

• 

Barometer,  corrected 
to  Temp.  33°.* 

Temperature  of  Air. 

Ca 

a 

•pH 

o 

is 

ft 

lculat< 

^3 

’g 

a 

© 

*43 

c3 

CD 

PS 

- ■  ■  ...  - —  .  ■  ■  — ....  i.y 

Cu 

Tension  of  Vapour. 

Maximum,  read  at  9-30 
a.m.  on  the  following 
day. 

Minimum,  read  at 

9 '30  a.m. 

Daily  Range. 

Proportion  of  Sky 
clouded. 

Direction  of  Wind. 

inches. 

O 

O 

inch. 

O 

O 

O 

0—10 

inches. 

cli  1 

29-520 

28-1 

25-7 

*92 

•173 

33-8 

22-4 

11-4 

10,  10,  10 

NE  bv  E,  NE  by  E,  NE. 

o-ooo 

2 

29*683 

33-9 

25-5 

*74 

•213 

39-3 

27-1 

12-2 

0,  0,  2 

NE,  NNE,  N. 

•004f 

3 

29-655 

33-1 

24-8 

*75 

•207 

38-8 

25-7 

13T 

0,  10  9, 

NW  by  N,  NNW,  WiW. 

•000 
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•  •  • 

•  •  • 

•  .  . 

•  •  • 

•  •  • 

40-3 

28-0 

12-3 

•  •  •  •  •  • 

•000 
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34-6 
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•000 

6 

29-264 

37*1 

33-4 

•88 

•239 

42-3 

32-8 

95 

7,  10,  6 

SSE,  S,  S. 

•000 

7 

29-163 

36-8 

31-4 

*82 

•236 

42-7 

29-1 

13-6 

1,  8,  3 

S  by  E,  — ,  SE  by  S. 

•093 

8 

29-549 

36-3 

31-8 

•85 

•232 

43-4 

31-2 

12-2 

10,  8,  1 

NEbyN,  N  WbyW,N  WbyW 

•000 

9 

30-021 

38-9 

31-4 

•77 

•254 

43-9 

35-2 

8-7 

6,  9,  4 

NNE,  N,  NE. 

•000 

10 

30-333 

368 

29-7 

•78 

•236 

42.6 

33-2 

9-4 

10,  8,  7 

NE  by  N,  N  by  E,  NE. 

•000 

11 

•  •  < 

•  •  • 

•  •  • 

•  •  • 

45-5 

35-1 

10-4 

•  •  • 

•048 

12 

29-828 

41-6 

34-2 

•77 

•279 

4.8-7 

340 

14-7 

7,  S,  3 

W  by  N,  W,  W  by  S. 

•000 

13 

29564 

36T 

32T 

•87 

•230 

48-7 

335 

15-2 

10,  8,  9 

NNE,  N,  N. 

•003 

14 

29-515 

35  0 

23-7 

•67 

•222 

28-2 

0,  3,  4 
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WNW,  N  by  E,  N  by  W. 

•031 

23 
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•65 

•289 

47-8 
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•ooo 
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•014 

28 

30-143 

48-7 

46-2 

•92 

•357 

55-0 

42-2 

12-8 

5,  10,  10 

SW  by  S,  SSW,  SW  by  S 
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*  To  obtain  the  Barometric  pressure  at  the  sea-level  these  numbers  must  be  increased  by  ’037  inch. 

t  Rain  and  melted  snow. 
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THE  SMITHSONIAN  INSTITUTION. 

A  cons  idee  able  interest  attaches  to  the  principles  npon  which 
public  institutions  of  a  scientific  character  are  founded  and 
conducted ;  and  the  recent  issue  of  the  Annual  Report  of  the 
Board  of  Regents  of  the  Smithsonian  Institution  for  the  year 
1864,  enables  us  to  lay  before  our  readers  some  facts  relating 
to  an  establishment  which  has  attained  world- wide  celebrity. 
The  delay  in  publishing  the  report  for  1864  is  due  to  a  fire 
which  destroyed  the  documents  in  the  secretary's  office,  be¬ 
sides  occasioning  other  damage. 

From  an  introduction  first  published  in  the  report  for  1847, 
and  now  reprinted,,  we  learn  that  Mr.  Smithson  left  certain 
property  to  the  United  States  of  America,  “t o  found  at  Wash¬ 
ington,  under  the  name  of  the  Smithsonian  Institution,  an 
establishment  for  the  increase  and  diffusion  of  knowledge 
among  mend'  Thus  the  institution  so  founded  is  not  con¬ 
sidered  as  a  national  establishment;  but  the  government  of 
the  United  States  is  a  trustee,  to  cca  bequest  for  the  benefit  of 
mankind,"  and  for  the  perpetuation  of  the  testator's  name. 

It  seems  to  have  taken  eight  years  for  preliminary  con¬ 
sideration  how  the  bequest  should  be  applied ;  and  this  fact,  so 
like  scores  in  the  old  country,  indicates  pretty  plainly  whence 
the  people  of  the  new  country  came.  It  was  at  last  decided 
that  “  the  organization  should  be  such  as  to  enable  the  insti¬ 
tution  to  produce  results  in  the  way  of  increasing  and  diffusing 
knowledge,  which  could  not  be  produced,  either  at  all,  or  so 
efficiently,  by  existing  institutions  in  the  country ; "  and  it 
was  further  decided,  that  the  arrangements  should  be  suscep¬ 
tible  of  such  modifications  as  changing  circumstances  might 
require. 

To  stimulate  original  research,  it  was  proposed  to  ee  offer 
suitable  rewards  for  memoirs  containing*  new  truths,"  and  to 
appropriate  annually  a  portion  of  income  for  the  prosecution  of 
particular  researches,  while  it  was  hoped  to  assist  the  diffusion 
of  knowledge  by  the  publication  of  reports  on  physical  science, 
moral  and  political  science,  literature,  and  fine  arts. 

The  Act  of  Congress  establishing  the  institution,  contem¬ 
plated,  as  we  are  told,  the  formation  of  a  library  and  museum; 
and  the  Board  of  Regents  at  first  resolved  to  divide  the  income 
into  two  equal  parts,  one  of  which  was  to  be  appropriated  for  the 
purposes  already  mentioned,  and  the  other  towards  the  library 
and  museum,  and  subsequently  rescinded  this  rule,  and  deter¬ 
mined  that  the  annual  appropriation  should  follow  the  exi¬ 
gencies  of  the  occasion.  Smithson  bequeathed  for  the 
institution  $515,169  00c.  upon  which  interest  accumulated 
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during  the  eight  years*  incubation  of  the  scheme.  This  money 
was  placed  in  the  United  States’  treasury,  at  six  per  cent, 
interest ;  and  when  the  war  led  to  a  great  issue  of  paper  cur¬ 
rency,  and  consequent  depreciation  of  that  form  of  money,  the 
managers  of  the  institution  claimed  to  have  their  dividend  paid 
in  cash,  which  was  acceeded  to. 

From  the  Secretary’s  Report,  we  learn  that  James  Smith- 
son  was  a  graduate  of  Oxford,  and  devoted  a  long  life  to  the 
advancement  of  science.  His  will  did  not  define  the  modes  in 
which  the  property  bequeathed  was  to  be  employed,  but  simply 
laid  down  the  general  principles  we  have  named.  At  first,  the 
notion  of  applying  the  bequest  to  the  foundation  of  an  university 
commended  itself  to  some  minds.  John  Quincy  Adams  showed 
that  this  would  not  carry  out  the  testator’s  intentions.  The 
next  proposition  was  to  establish  a  large  library  and  museum  ; 
but  this  plan  was  abandoned  as  too  local  in  its  influence.  The 
Act  of  Congress,  upon  which  the  institution  rests,  finally  de¬ 
cided  that  provision  should  be  made  for  a  library,  gallery,  and 
museum ;  but  left  the  details,  and  the  devising  of  measures  to 
carry  out  other  objects,  in  conformity  with  the  terms  of  the 
bequest,  to  the  Board  of  Regents. 

The  first  mistake,  according  to  the  interesting  report  of 
Mr.  Joseph  Henry,  the  secretary,  was  to  spend  too  much  on  a 
costly  building.  It  was  natural  for  the  citizens  of  Washington 
to  wish  that  such  a  building  should  be  erected,  but  Mr  Henry 
is  probably  quite  right  in  his  opinion  that  the  Smithsonian 
funds  could  not  afford  it.  The  building,  furniture,  and  grounds 
cost  250,000  dollars,  spread  over  a  series  of  years.  By  econo¬ 
mical  management  in  other  respects,  it  was  found  that  at  the 
commencement  of  the  war,  the  Smithsonian  Institution  pos¬ 
sessed,  after  paying  for  its  building,  library,  and  establishing  a 
large  museum,  and  carrying  on  sundry  active  operations,  an 
extra  fund  of  140,000  dollars.  The  secretary  reports  that  it  has 
been  discovered  that  a  building  of  one-fifth  of  the  cost  of  the 
present  one  would  have  answered  the  purpose  better  •  and  he 
adds  that,  as  the  style  chosen  was  much  too  expensive  for  the 
sum  to  be  appropriated,  the  interior  has  been  finished  in  wood 
and  stucco,  to  allow  for  the  cost  of  freestone  outside. 

The  mistakes  made  in  this  matter  closely  resemble  those 
we  are  accustomed  to  in  this  country;  but  notwithstanding  all 
errors,  the  Smithsonian  Institution  is  a  great  fact,  and  contri¬ 
butes  very  efficiently  to  the  noble  purposes  of  “  increasing  and 
diffusing  knowledge  among  men,”  which  its  founder  desired. 
The  institution  issues  three  classes  of  publications — a  quarto 
series,  Smithsonian  Contributions  to  Knowledge ,  of  which  the 
fourteenth  volume  is  nearly  through  the  press ;  each  volume 
contains  one  or  more  articles ;  an  octavo  series,  Smithsonian 
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Miscellaneous  Collections ;  and  another  octavo  series,  Smith¬ 
sonian  Reports.  The  quarto  volumes  contain  elaborate  and 
original  investigations  and  researches  ;  the  Miscellaneous  Col¬ 
lections  comprise  reports  of  the  present  state  of  knowledge  on 
particular  subjects,  instructions  for  collecting  and  digesting 
facts,  etc. ;  and  the  Reports,  in  addition  to  information  con¬ 
cerning  the  proceedings  of  the  institution,  supply  abstracts  of 
lectures  delivered  before  it,  extracts  from  correspondence, 
original  and  translated  articles  on  scientific  subjects.  The  first 
two  series  are  extensively  presented  to  institutions  and  public 
libraries,  exchanging  their  own  publications;  while  the  Reports , 
which  contain  scientific  matter  in  a  more  popular  shape,  are 
given  away  with  great  liberality. 

In  addition  to  the  publication  of  the  works  mentioned,  the 
Smithsonian  Institution  makes  grants  in  aid  of  important 
books.  In  this  way  it  assisted  Agassiz’s  Contributions  to 
Natural  History ,  Gould’s  Astronomical  Journal,  etc.,  etc. 

The  Smithsonian  Institution  has  likewise  performed  labours 
analogous  to  some  of  those  undertaken  by  the  British  Associ¬ 
ation,  stimulating  “a  skilful  artisan”  to  construct  standard 
metereological  instruments,  and  organising  a  body  of  observers. 

Astronomy,  physics,  and  chemistry,  have  been  promoted  by 
various  publications,  by  the  encouragement  of  observation  and 
experiment,  and  other  means,  including  the  keeping  up  of  a 
laboratory,  at  present  in  use  by  Dr  Wetherell  for  analyses  of  air 
from  various  public  buildings. 

Geographical,  geological,  and  natural  history  researches 
have  been  promoted  at  the  expense  of  the  institution;  and 
specimens  of  various  kinds  collected  by  its  travellers  have 
been  arranged  in  its  museum,  and  duplicates  presented  to  the 
museums  of  other  countries. 

Previous  to  the  commencement  of  the  war,  the  lectures 
given  at  the  institution  were  well  attended;  but  for  the  last 
four  years,  the  attendance  was  diminished,  or  was  composed 
of  persons  “seeking  amusement  rather  than  information;” 
a  fact  not  to  be  wondered  at,  when  only  one  institution  in 
London,  the  Royal,  can  succeed  in  tempting  any  considerable 
number  of  persons  to  attend  lectures  worth  listening  to. 

Prom  the  brief  sketch  we  have  given  of  the  “  Smithsonian 
Institution,”  it  will  be  seen  that  it  occupies  a  position  very 
different  from  that  of  any  single  body  in  this  country;  and  by 
its  combination  of  various  kinds  of  scientific  and  literary  work, 
it  seems  admirably  adapted  to  the  wants  of  the  United  States, 
in  'which,  though  there  is  an  important  amount  of  scientific 
ability  and  energy,  there  are  not,  as  in  England,  persons  of 
wealth  scattered  all  over  the  country,  and  able  to  avail  them¬ 
selves  of  various  societies  and  institutions  such  as  we  possess. 
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Our  great  want  in  this  country  is  for  local  museums,  and 
really  good  libraries.  Students  who  have  not  frequent  access 
to  London,  or  to  one  of  the  few  towns  in  which  large  well- 
supplied  libraries  exist,  are  very  badly  off,  we  might  say  dis¬ 
gracefully  so,  when  we  consider  the  wealth  of  the  people,  and 
the  very  small  contribution  from  local  taxation  that  would 
supply  every  town  of  ten  or  twenty  thousand  people  with  the 
principal  works  absolutely  necessary  for  the  study  of  physical 
and  descriptive  science,  archeology,  etc. 


ARCHkEOLOGIA. 

The  value  of  photography  in  delineating  archeological  objects  is 
undoubtedly  great,  especially  on  account  of  the  quickness  with 
which,  by  means  of  this  art,  we  obtain  accurate  outlines,  however 
elaborate  the  design  ;  but  the  assistance  thus  given  by  photography 
is  not  always  satisfactory,  and  this  is  especially  the  case  with 
ancient  inscriptions,  in  which  a  photograph  by  no  means  always 
replaces  the  original.  Inscribed  stones,  and  indeed  any  other 
stones,  which  have  remained  several  centuries  buried  in  the  earth, 
or  exposed  to  the  weather  above  ground,  have  always  undergone  a 
certain  degree  of  detrition  of  the  surface  which  must  seriously  affect 
the  exactness  of  the  outlines  inscribed  upon  them.  The  injury  thus 
done  is,  of  course,  greater  or  less  according  to  the  character  of  the 
stone  ;  but  it  is  sometimes  so  great,  that  the  inscription  can  no 
longer  be  read  at  all.  All  who  are  accustomed  to  deciphering 
Roman  inscriptions  on  stone  (excepting  marble),  know  the  extreme 
difficulty  which  they  often  present  even  to  the  most  accomplished 
scholar.  He  is  obliged  to  look  at  them  at  different  angles,  and 
therefore  in  different  lights,  and  with  different  shades,  and  even 
then  he  only  fixes  the  exact  outline  which  the  figure  ought  to  have 
through  his  own  great  knowledge  of  the  subject.  How,  then,  is  it 
possible  that  the  true  outline  of  the  letters  of  such  inscriptions 
can  be  visible  to  the  eyes  of  men  who  are  totally  ignorant  of  the 
language  in  which  they  are  written,  and  even  of  the  class  of  objects 
to  which  they  belong.  Yet  a  very  fatal  practice  appears  to  be 
arising  of  allowing  the  letters  of  such  inscriptions  to  be  painted  in 
colours  which  contrast  with  the  stone  itself,  we  suppose  with  the 
idea  of  thus  giving  it  a  more  effective  appearance.  In  a  com¬ 
munication  to  the  March  number  of  the  “  Gentleman’s  Magazine,” 
Hr.  Charlton,  of  Newcastle-on- Tyne,  has  pointed  out  the  danger  of 
this  practice,  and  described  a  case  in  which  it  has  been  recently 
applied  to  a  stone  with  a  Runic  inscription,  at  Raronspeke,  near 
Bewcastle,  in  Cumberland.  He  tells  us  that  “  last  year  a  photo¬ 
grapher,  accompanied  (we  believe)  by  an  antiquary,  visited  the 
spot,  and  it  seems  that,  in  order  to  make  the  letters  more  visible, 
they  painted  the  stone  of  a  black  colour,  and  then  actually  retooled 
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the  whole  of  the  inscription!”  So  that,  as  Dr.  Charlton  justly  ob¬ 
serves,  “  we  cannot  now  judge  of  the  original  form  of  the  letters.” 
If,  however,  this  is  a  practice  to  be  blamed  in  cases  where  the  letters 
can  be  read  without  much  difficulty,  how  much  more  so  must  it  be 
where  the  reading  of  the  characters  is  so  difficult  that  it  has  been 
the  subject  of  a  variety  of  different  readings,  and  has  given  rise  to 
several  contradictory  theories.  Yet  we  have  not  only  a  recent 
example  of  such  a  case,  but  we  have  received  a  confession  of  it  from 
the  actor  in  it,  who  seems  to  be  quite  unconscious  of  the  wrong  he 
had  been  doing.  In  the  March  number  of  the  Intellectual  Observer, 
in  noticing  Dr.  Moore’s  book  on  the  Newton  stone,  we  remarked 
that  that  remarkable  monument,  since  we  first  saw  a  drawing  and 
cast  of  it,  had  evidently  been  tampered  with,  explaining  our  meaning 
by  adding  that,  no  doubt  for  the  purpose  of  giving  a  more  distinct 
photograph,  the  letters  of  the  inscription  had  been  painted  white. 
In  this  case,  such  a  proceeding  was  especially  to  be  lamented, 
because,  as  the  spirit  of  our  review  was  to  express  our  opinion  that 
Dr.  Moore  had  entirely  mistaken  the  character  of  the  inscription, 
we  should  naturally  object  to  receiving  his  adjustment  of  the  out¬ 
lines  of  the  letters,  and,  if  possible,  still  less  that  of  the  photo¬ 
grapher,  who  does  not  even  profess  to  know  anything  about  it. 
The  latter  addresses  a  letter  to  our  publishers,  which  we  shall 
simply  lay  before  our  readers.  Mr.  Alexander  Diddle,  for  such  is 
the  name  signed  by  the  writer,  corrects  us,  as  will  be  seen,  in  one 
point  only — we  learn  that  the  glaring  white  of  the  letters  was  pro¬ 
duced,  not  by  paint,  but  by  chalk.  It  is  a  satisfaction  so  far,  that 
the  chalk  will  probably  soon  wash  away,  and,  jperhtijos,  do  no  injury 
to  the  inscription.  But,  nevertheless,  the  proceeding  was  a  very 
wrong  one,  and  we  hope  not  frequently  to  hear  of  its  being  repeated. 
Here  is  the  letter  : — 

“  In  the  number  of  the  Intellectual  Observer  for  this  month, 
there  is  an  article  on  the  £  Newton  Stone,’  by  a  ‘  T.  W.,’  in  which 
he  asserts  that  the  inscription  has  been  tampered  with  by  painting*, 
so  as  to  enable  the  photographer  to  obtain  a  better  copy  of  the 
characters  ;  so  that  now,  in  place  of  the  true  inscription,  you  have 
only  the  outline  of  characters  made  by  the  painter.  I  am  the 
person  who  did  the  photographs,  and  from  a  copy  of  which 
Dr.  Moore  had  the  copies  taken  for  his  book ;  but,  before  they  were 
copied,  that  gentleman  had  the  satisfaction  of  seeing  the  stone  in 
reality,  and  comparing  the  copy  taken  by  me,  with  the  real  in¬ 
scription,  and  had  no  fault  to  find  with  it.  I  am  sure  a  visit  to  the 
stone  by  ‘  T.  W7  would  satisfy  him  more  than  any  cast  or  photo¬ 
graph,  however  perfect,  can  do.  I  had  gone  a  distance  of  nearly 
thirty  miles  to  take  a  photograph  of  the  stone,  and  knowing  that  it 
was  to  go  into  the  hands  of  many  learned  men,  my  object  was  to 
take  as  perfect  a  copy  as  I  could.  Owing  to  the  grey  colour  of  the 
stone  and  the  grey  light  I  had  on  reaching  it,  I  saw  it  was  abso¬ 
lutely  necessary  to  try  something  to  give  effect  to  it.  After  taking 
a  copy  as  it  was,  I  then  took  a  little  chalk  and  rubbed  into  the 
bottom  of  the  characters,  the  cutting  of  which  varies  from  a  quarter 
to  three-eighths  of  an  inch,  and  could  not  have  much  shade 
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though  the  sun  had  been  shining.  The  chalking  was  a  work  of 
great  care,  and  cost  me  more  labour  than  the  photographing  did  ;  and 
I  have  no  doubt  the  chalking  all  disappeared  with  the  first  rain  that 
came  after  my  visit.  Hence  you  see  there  is  nothing  you  could  call 
tampering  with  the  inscription,  as  ‘  T.  W.’  is  pleased  to  call  it.  I 
herewith  send  you  a  copy  of  the  inscription  without  the  chalk  and 
one  with  it,  that  you  may  examine  for  yourselves.  I  got  sunshine 
for  the  last  one.” 

Mr.  Riddle  appears  evidently  to  be  under  the  impression  that 
our  remarks  implied  some  personal  offence  to  himself.  We  only 
blame  him  for  interfering  with  what  he  did  not  understand,  and 
making  any  mark  whatever,  even  if  it  were  only  with  chalk,  on  a 
monument  of  such  importance.  He  was  led  by  a  sort  of  zeal 
which,  however  innocent  it  may  appear  to  one  who  acts  under  its 
influence,  requires  to  be  rigidly  discouraged  ;  otherwise,  some  of 
the  most  important  monuments  in  our  islands  run  the  risk  of 
being  defaced  and  destroyed. 

At  the  last  meeting  of  the  Anthropological  Society,  a  series  of 
extremely  interesting*  communications  were  made  on  the  preserved 
primeval  interments  which  had  been  excavated  in  Caithness  by 
Mr.  Laing,  and  form  the  subject  of  a  recent  publication  by  that 
gentleman,  entitled  “Prehistoric  Remains  of  Caithness.”  Mr. 
Laing  explored  these  monuments,  consisting  chiefly  of  mounds, 
and  near  the  shore,  and  found  in  them  remains  of  human  skeletons, 
numbers  of  stones,  supposed  to  be  worked  implements,  a  few 
objects  in  bone  and  metals,  and  some  walls  and  structures  of  stone 
which  are  considered  to  be  cists.  The  discoveries  appeared  to  us 
to  be  of  no  great  importance ;  the  stone- work  struck  us  as  being  of 
no  great  antiquity ;  many  of  the  stones  presented  the  appearance  of 
having  been  formed  merely  by  breaking  and  rolling  back  ;  and 
those  which  were  evidently  made  by  man  might  have  been  com¬ 
paratively  modern.  On  the  occasion  referred  to,  no  less  than  five 
communications,  from  the  same  number  of  intelligent  inhabitants 
of  the  district,  all  controverting  Mr.  Laing’s  facts  as  well  as  his 
conclusions,  were  read  before  the  Anthropological  Society.  The  first 
was  by  Mr.  John  Cleghorn,  of  Wick,  who  alleg'ed  that  the  position 
of  some  of  these  mounds  and  cists  was  such  as,  from  the  known 
regular  receding  of  the  sea,  they  could  not  have  been  on  dry  ground 
moie  than  three  or  four  hundred  years  ago.  The  skeletons  he  con¬ 
ceives  to  be  chiefly  those  of  drowned  sailors,  who  have  been  cast  upon 
this  shore,  which  appears  to  have  been  much  exposed  to  wrecks. 
The  hills  and  mounds  explored  by  Mr.  Laing  are  represented  in 
these  communications  as  mere  accumulations  of  sand  formed  upon 
objects  which  lay  near  the  shore.  One  of  the  more  remarkable  of 
these  hillocks,  which  Mr.  Laing  calls  a  “moorland  mound,”  was 
described  in  one  of  these  communications,  by  Mr.  R.  X.  Shearer,  as 
a  sheiling  bothy,  a  structure  which  has  been  in  use  in  that 
locality  within  forty  or  fifty  years.  .  “  I  can,  at  least,”  he  said,  “  find 
men  in.  Caithness  who  built  1  sheiling  bothies’  exactly  similar  to 
Mi.  Laing  s  moorland  mound.’  The  walls  being  of  large  flag¬ 
stones  set  on  edge,  are  the  same  as  are  to  be  seen  at  this  day  in 
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many  modern  buildings  similarly  situated,  where  the  largest  surface 
that  any  stone  can  be  got  to  present  is  of  the  utmost  importance  in 
a  turf  building.  The  shells  found  on  the  floor  are  just  such  as  the 
young  women  who  attended  their  cattle  in  these  moorlands  were 
sure  to  go  to  the  shore  to  gather,  after  they  had  finished  their 

day's  work,  or  were  waiting  for  the  return  of  their  cows . 

The  ‘  bench,  or  bed,’  along  the  walls  is  simply  the  place  on  which 
the  milk  was  set  in  dishes,  a  portion  of  which  dishes  Mr.  Laing 
found,  ‘  having  a  coarse  blue  glaze,’  and  which  he  mistook  for  a 
piece  of  pre-historic  pottery!”  The  two  large  stones  opposite  the 
door,  in  the  further  end  of  the  building  is  the  fire-place,  and  these 
stones,  with  the  assistance  of  one  or  two  more,  though  not  so 
permanently  fixed,  were  used  for  supporting  a  large  pot,  in  which 

they  boiled  their  milk  for  making  cheese . The  stones  projecting 

on  each  side  of  the  doorway,  are  the  foundations  of  a  turf  erection 
merely  for  shelter.  It  reached  to  the  height  of  the  walls,  and  was 
covered  on  the  top  ;  and,  in  a  day’s  walk  in  the  interior  of  the 
country,  I  will  now  point  out  half  a  score  of  similar  erections.” 

The  statements  contained  in  these  papers  were  made  so  authori¬ 
tatively,  and  with  such  an  apparently  perfect  knowledge  of  the  facts, 
that  there  seems  hardly  room  to  doubt  that  Mr.  Laing  has  fallen  into 
some  extraordinary  errors  ;  and,  at  all  events,  they  warn  us  to  treat 
discoveries  of  this  kind  with  a  considerable  degree  of  caution  and 
even  of  hesitation.  T.  W. 


LITERARY  NOTICES. 

On  the  Anatomy  of  the  Vertebrates,  Vol.  II.,  Birds,  and 
Mammals.  By  Richard  Owen,  E.R.S.,  Superintendent  of*  the 
Natural  History  Departments  of  the  British  Museum,  Eoreign 
Associate  of  the  Institute  of  France,  etc.,  etc.  (Longmans.) — The 
second  volume  of  this  important  work  commences  with  the  cha¬ 
racter  of  the  hsematotherma,  or  warm-blooded  animals  ;  and  Pro¬ 
fessor  Owen  remarks  that  “  it  is  curious  to  observe  that  the  winter- 
sleeping  and  torpid  mammals  are  those  which  most  resemble  reptiles 
in  their  cerebral  organization  ;  they  are  also  of  small  size.”  He 
adds,  “  no  approach  to  torpidity,  with  loss  of  animal  temperature, 
has  been  determined  to  take  place  in  any  bird,”  which  is  remark¬ 
able,  as  in  many  other  respects  the  birds  approximate  to  the 
reptiles,  which  furnish  so  many  remarkable  instances  of  torpidity. 
Professor  Owen  speaks  of  the  respiratory  function  as  finding  its 
highest  development  in  birds.  He  says,  “  Not  only  the  ramifica¬ 
tions  of  the  pulmonary  artery,  but  many  of  the  capillaries  of  the 
systemic  circulation,  from  the  singular  extension  of  air-cells  through 
the  body,  are  submitted  to  the  influence  of  the  atmosphere  ;  and 
hence  birds  may  be  said  to  enjoy  a  double  respiration.  Though  the 
heart  of  the  bird  resembles  in  some  particulars  that  of  the  reytilia , 
the  four  cavities  are  as  distinct  as  in  the  mammalia;  but  they  are 
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relatively  stronger,  their  valvular  mechanism  is  more  perfect,  and 
the  contractions  of  this  organ  are  more  forcible  and  frequent  in 
birds,  in  accordance  with  their  more  extended  respiration,  and  their 
more  energetic  muscular  actions.”  We  may  remark  upon  this  pas¬ 
sage,  that  it  would  appear  from  the  researches  of  Dr  Davy,*  that 
physiologists  have  not  paid  sufficient  attention  to  the  peculiar  con¬ 
ditions  of  bird  life,  and  have  been  ready  to  assume  that  the  com¬ 
paratively  high  temperature  of  birds  was  owing  to  a  very  great  and 
active  respiration,  when  most  of  it  is  really  traceable  to  their  feather 
clothing,  and  the  inactivity  of  their  skins,  through  which  little 
transpiration  occurs.  Birds  also  drink  little  ;  and  the  loss  of  water 
from  pulmonary  exhalation  is  shown  by  Dr.  Davy  to  be  very  small. 
The  lungs  of  birds  are  small,  though  supplied  with  large  veins,  and 
their  supplementary  respiratory  organs  are  inefficient  as  compared 
with  a  portion  of  highly  developed  lung.  It  seems  therefore  pro¬ 
bable  that  they  are  not  so  remarkable  for  respiratory  functions  as 
Professor  Owen  states,  or  has  been  commonly  supposed.  If,  for 
example,  the  bird  experienced  as  much  cutaneous  and  pulmonary 
exhalation  as  the  mammal,  could  its  respiration  maintain  even  a 
mammalian  temperature  ?  Prom  Dr.  Davy’s  observations,  the 
answer  must  be  no. 

The  osseous  system  of  birds,  their  muscular  and  nervous  sys¬ 
tems,  their  digestive,  circulating,  respiratory,  and  other  systems, 
form  the  topics  of  separate  chapters ;  and  the  volume  concludes 
with  descriptions  of  the  osseous  system  in  various  kinds  of  mam¬ 
mals.  In  the  chapter  on  the  respiratory  system  of  birds,  facts  are 
adduced  which  do  not  support  the  statement  to  which  we  have 
adverted — that  the  respiratory  function  reaches  its  highest  develop¬ 
ment  in  this  class.  Thus  the  organs  of  respiration  are  described 
as  having  more  of  the  reptilian  than  the  mammalian  type,  and  the 
air-cells  and  hollow  bones  seem  more  adapted  to  assist  flight,  and 
give  mechanical  help  to  respiration,  than  simply  to  conduce  to  the 
perfection  of  this  process.  Indeed,  it  would  not  be  in  conformity 
with  scientific  reasoning  to  regard  a  small  lung,  approaching  the 
reptilian  in  type,  and  supplemented  in  this  way,  as  evincing  so  high 
a  development  as  the  more  complete  lung  of  the  mammal. 

The  second  volume  of  Professor  Owen’s  work  is,  like  the  first, 
richly  illustrated,  and  the  work,  when  complete,  promises  to  be  one 
of  the  most  important  that  has  been  produced. - 

Reliquiae  Aquitanioze  :  Being  Contributions  to  the  Archaeology 
and  Palaeontology  of  Perigord,  and  the  adjoining  Provinces  of 
Southern  Prance.  By  Edward  Lartet  and  PIexry  Christy.  Part 
II.  (Bailliere.) — The  second  part  of  this  remarkably  handsome 
and  important  work  contains  three  quarto  plates  of  stone  imple¬ 
ments,  and  one  of  carved  horn,  the  ornamentation  of  which,  though 
rude,  shows  a  certain  advance  both  in  taste  and  execution.  There 
are  also  several  wood  engravings,  showing  the  methods  adopted  by 
existing  tribes  of  mounting  flint  implements,  resembling  those 
of  Pre-historic  Prance.  The  authors  wisely  remark,  that  “imple¬ 
ments  of  stone  are  to  be  regarded  as  indicating  a  grade  of  civiliza- 
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tion  rather  than  any  definite  antiquity.”  And  when  we  find  the 
present  natives  of  New  Caledonia  and  Solomon  Islands  making 
tools  as  nearly  as  possible  like  those  of  the  pre-historic  Frenchmen, 
who  were  contemporaries  of  the  mammoth,  we  are  tempted  to 
ask  whether  what  we  call  instinct  in  animals  does  not  manifest 
itself  very  strongly  in  the  works  of  men. 

The  Anthropological  Review,  No.  13.  (Triibner&Co.) — We  should 
much  like  to  see  a  number  of  th e  Anthropological  Review  that  we  could 
conscientiously  speak  well  of,  but  until  the  Society  has  sown  all  its 
wild  oats,  and  managed  if  it  can  to  survive  the  process,  this  will  be  im¬ 
possible.  The  publications  of  the  Society  in  its  present  stage,  lack  all 
the  qualities  that  give  value  to  scientific  discussion.  They  consist 
chiefly  of  reckless  caricatures  of  the  extreme  theory  of  the  influence 
of  race  held  by  Dr.  Knox,  and  are,  moreover,  marked  by  a  spirit 
that  is  neither  dignified  nor  gentlemanly.  The  first  paper  in  the 
present  number  is  entitled  “  Race  in  Legislative  and  Political 
Economy,”  and  it  is  devoted  to  an  assault  on  the  philosophy  of 
John  Stuart  Mill,  of  which  the  writer  has  evidently  a  very  slender 
and  imperfect  comprehension.  If  we  understand  its  not  very  clear 
or  precise  language,  it  is  intended  to  convey  the  notion  that  “  there 
are  savage  races,  adapted  by  structure  and  temperament,  by  habit 
of  body  and  constitution  of  mind  for  the  savage  state,”  and  not 
capable  of  advancing  to  a  civilized  state  by  any  treatment,  or 
under  the  influence  of  any  circumstances.  The  writer  objects  to 
Mr.  Mill’s  “  thinking  a  savage  tribe  to  be  like  an  ignorant  indi¬ 
vidual,  in  the  want  only  of  education,  simply  that  and  nothing 
more.”  If  by  education  he  means  the  prolonged  influence  of  cir¬ 
cumstances  favourable  to  development  and  improvement,  it  maybe 
a  fair  statement  of  Mr.  Mill’s  opinions,  but  when  he  invites  that 
philosopher  to  test  traditions  about  the  ancestors  of  Greeks,  Romans 
French  and  English  having  been  once  in  a  savage  state,  by  looking 
now  to  see  if  any  really  savage  people  of  the  Caucasian  type  exist, 
we  suppose  he  means  to  assert  that  while  other  races  originated  as 
savages,  and  must  necessarily  remain  savages  as  long  as  they  endure, 
those  of  the  Caucasian  type  were  civilized  at  their  commencement. 
The  negro  is,  of  course,  abused  by  this  writer,  who  calls  him  a  “bar¬ 
barian  in  his  habits,”  and  “  a  savage  in  his  hereditary  proclivities.” 
Does  this  gentleman  trace  his  own  faults  to  such  inevitable 
hereditary  proclivities  ?  If  so,  had  not  the  Review  better  dispense 
with  his  services  P 

In  the  Popular  Magazine  of  Anthropology ,  printed  with  the 
Anthropological  Review ,  as  well  as  separately,  we  are  asked  whether 
we  know  what  the  great  southern  continent  of  Australia  means  P 
The  inquirer  proceeds,  “  Are  the  telluric  influences  alike  on  both 
sides  of  the  equator  ?  Is  not  the  northern  hemisphere  preponderantly 
positive,  and  the  southern  as  predominantly  negative  ?  And,  as  a 
result  of  this,  do  not  animate  types  in  the  former  tend  to  cerebral 
and  thoracic  development,  while  in  the  latter  they  tend  as  per¬ 
sistently  to  the  lumbar  and  abdominal  ?  And  is  not  this  equivalent 
to  saying  that  the  first  are  essentially  masculine,  and  the  second 
feminine  in  their  organic  proclivities  and  profounder  character- 
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istics  ?”  If  the  concocter  of  this  passage  should  ever  he  so  fortunate, 
or  unfortunate,  as  to  know  what  he  meant  when  he  wrote  it,  we 
presume  he  will  make  his  discovery  public  in  some  future  paper. 
The  same  writer  informs  us  that  when  we  get  an  Indian  into  broad¬ 
cloth,  or  an  Australian  into  uniform,  we  have  1 1  only  a  talking 
parrot,  a  well-bred  wolf,  a  performing  tiger,  whose  congeners  still 
in  the  forest  are  what  they  ever  were  ;  and  who  without  that  forest, 
their  native  habitat,  to  live  and  build  in,  would  ultimately  perish 
like  beasts  in  a  menagerie.” 

To  show  that  we  cannot  do  less  than  protest  against  the  want 
of  decency— caused,  we  suppose  by  inerradicable  racial  proclivities — 
in  which  the  Anthropological  Review  indulges,  we  may  mention  that 
Dr.  Livingston  is  described  as  having  “  a  poor  naked  mind,  be¬ 
daubed  with  the  chalk  and  red  ochre  of  Scotch  analogy,  and  with  a 
threadbare  tattered  waistcloth  of  education  hanging  about  him.” 
We  trust  that  the  members  of  the  society  by  which  this  publication 
is  issued,  will  see  the  propriety  of  putting  a  decisive  stop  to  such  a 
flagrant  breach  of  good  manners  as  the  unfortunate  author  of  this 
passage  has  here  committed,  and  would  no  doubt  commit  again  if 
opportunity  be  permitted. 


PROCEEDINGS  OF  LEARNED  SOCIETIES. 

GEOLOGICAL  SOCIETT. — March  21. 

A  communication  was  read  on  the  Fossil  Reittsh  Oxen. — Part 
I.,  Pos  Urus,  Caesar.  By  W.  Boyd  Dawkins,  Esq.,  M.A.,  F.G.S. — 
The  problem  of  the  origin  of  our  domestic  races  of  cattle  was 
considered  by  the  author  to  be  capable  of  solution  only  after  a 
careful  examination  of  each  of  the  three  European  fossil  species  of 
oxen,  namely,  Pos  Urus  of  Caesar,  P.  longifrons  of  Owen,  and 
P.  bison  of  Pliny.  In  this  paper  he  began  the  inquiry  with  Pos 
Urus ,  Caesar,  being  the  Pos  primigenius  of  Bojanus,  and  he  arrived 
at  the  conclusion  that  between  this  species  and  Pos  Taunts ,  or  the 
common  ox,  there  is  no  difference  of  specific  value,  though  the 
difference  in  size  and  some  other  characters  of  minor  value  render 
the  bones  of  the  two  varieties  capable  of  recognition.  After  giving 
the  synonymy  of  Pos  Urus  in  some  detail,  and  measurements  of  the 
different  bones  as  represented  by  specimens  from  a  number  of 
Realties,  Mr.  Boyd  Dawkins  described  the  range  of  the  species  in 
space  and  time,  showing  that  it  coexisted  in  Britain  with  the 
Mammoth,  Rhinoceros  leptorhinus ,  P.  megarhinus,  and  P.  ticorhinus , 
and  was  associated  with  JElepJias  antiquits,  Pelis  spelcea ,  Ursus 
spelceus,  U.  arctos,  Pos  prisons ,  Megaceros  Ribernicus ,  Cervus  elciphus , 
C.  tarandus ,  P quits  fossilis ,  etc.,  and  held  its  ground  during  the 
Pre-hisfcoric  period,  after  most  of  these  animals  had  become  extinct 
or  retreated  from  this  country.  The  precise  date  of  its  extinction 
in  Britain  was  stated  to  be  somewhat  uncertain,  although  the  author 


Proceedings  of  Learned  Societies. 


309 


inclined  to  the  belief  that  it  existed  in  the  wild  state  as  late  as  the 
middle  of  the  twelfth  century,  while  on  the  continent  it  seems 
probable  that  it  lingered  until  the  sixteenth  century.  The  author 
then  endeavoured  to  explain  its  gradual  diminution  in  size  by  the 
progressive  encroachment  of  cultivation  on  its  old  haunts ;  and,  in 
conclusion,  stated  his  belief  that  at  least  the  larger  cattle  of 
Western  Europe  are  the  descendants  of  the  Pos  Urus ,  modified  in 
many  respects  by  restricted  range,  but  still  more  by  the  domination 
of  man. 

Further  Documents  relating  to  the  Eormation  of  a  New  Island 
in  the  Neighbourhood  of  the  Kaimeni  Islands.  By  Commander 
G.  Tryon.  Communicated  by  the  Lords  Commissioners  of  the 
Admiralty. — A  detailed  account  was  here  given  of  the  formation  of 
the  new  Island,  named  “  Aphroessa”  by  the  Greek  Commissioners. 
It  wras  stated  to  be  one  hundred  yards  long  by  fifty  wide,  and  to  be 
daily  increasing  in  size.  Volcanic  eruptions  had  taken  place  in  two 
localities,  one  in  the  new  island,  and  the  other  in  what  was  called 
Mineral  Creek,  which  is  about  two-fifths  of  a  mile  distant,  and 
which  had  been  completely  filled  up  with  lava.  Considerable 
concussions  wrere  experienced  at  Patras,  and  other  parts  of  Greece, 
which  were  by  some  attributed  to  an  earthquake,  and  by  others  to 
volcanic  explosions  ;  but,  with  these  exceptions,  no  earthquake  had 
attended  the  eruptions  or  the  formation  of  the  island. 

April  11. 

A  paper  was  read  on  the  Occurrence  and  Geological  Position  of 
Oil-bearing  Deposits  in  New  South  Wales,”  by  the  Rev.  W.  B. 
Clarke,  M.A.,  P.G.S. — The  author  first  described  the  oil-producing 
schists  and  cannels  of  New  South  Wales  as  they  exist  at  Colley 
Creek,  at  the  head  of  the  Cordeaux  River  (Illawarra  shales),  at 
various  places  in  the  Wollondilly  and  Nattai  valleys,  at  Reedy 
Creek  (Hartley  Cannel),  Stoney  Creek,  and  elsewhere  ;  as  well  as  a 
substance  resembling  “  Bog-butter,”  occurring  at  Bournda,  and 
probably  of  very  recent  date.  Respecting  the  Colley  Creek  Cannel 
described  in  the  previous  paper,  Mr.  Clarke  observed  that  he  saw 
no  porphyry  near  it,  but  that  a  seam  or  mass  of  the  Cannel,  which 
here  contains  numerous  scarcely  rounded  grains  of  quartz,  was 
passed  through  in  the  midst  of  a  series  of  layers  of  black,  partly 
unctuous  clay,  which  also  contained  many  similar  quartz-grains  ; 
these  grains  gave  to  the  clay  a  porphyritic  aspect,  so  that  by  sight 
alone  one  might  be  led  to  consider  them  a  decomposed  porphyry. 
The  chief  conclusions  at  winch  the  author  arrived  were  (1),  that, 
with  the  exception  of  the  Stoney  Creek  Cannel,  all  the  oil-producing 
deposits  occur  in  the  Upper  Coal-measures,  and  that  the  Cannel  of 
Stoney  Creek,  on  the  River  Hunter,  occurs  in  the  Lower  Coal-mea¬ 
sures,  which  are  above  the  Lower  Marine  beds  with  Trilobites,  below 
which  again  are  numerous  fossiliferous  beds  before  the  porphyry  is 
reached ;  and  (2)  that  the  Cannel  belongs  to  beds  in  which 
Glossopteris  occurs,  and  therefore  may  be  a  slight  additional  evi¬ 
dence  of  their  antiquity,  as  it  is  an  analogue  of  the  “Bog  Head” 
Cannel  of  Scotland. 
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AERONAUTICAL  SOCIETY. — April  17. 

Aeronautical  Society  of  Great  Britain. — At  a  meeting  of 
Council,  held  at  Stafford  House  on  the  17th  inst.,  James  Glaisher, 
Esq.,  E.R.S.,  in  the  chair,  several  donations  and  new  members  were 
announced.  Mr.  E.  W.  Brearey,  Honorary  Secretary,  read  a  paper 
contributed  by  Hr.  Fairbairn,  advocating  perseverance  in  meteoro¬ 
logical  researches,  “  with  a  view  of  increasing  our  knowledge  of  the 
law  of  storms,  and  of  electric  and  magnetic  phenomena,  which  enter 
so  largely  into  the  movements  of  elastic  fluids  when  united  to 
vapour  and  heat  in  the  shape  of  clouds.” 

Mr.  Butler  contributed  some  interesting  facts  as  to  the  progress 
of  the  science  in  France,  gathered  in  his  visit  to  Paris  since  the 
last  meeting.  Some  discussion  ensued  as  to  the  feasibility  of  an 
exhibition  for  a  short  time  in  London  of  the  various  models  which 
illustrate  the  mode  of  ascent  into  the  atmosphere  without  the  aid. 
of  balloons,  and  Mr.  Butler  undertook  to  communicate  the  views  of 
the  Council  to  the  French  Societies,  so  that  the  inventions  of  both 
countries  might  be  collected  in  one  exhibition. 

It  was  arranged  that  the  first  experiments  under  the  auspices  of 
the  Society  should  take  place  next  month,  conducted  by  Mr. 
Glaisher  and  Westcar,  of  the  Royal  Horse  Guards,  when,  in 
addition  to  observations  of  a  meteorological  nature,  some  experi¬ 
ments  specially  adapted  to  the  confirmation  of  a  theory  as  to  the 
flight  of  birds  by  Mr.  Wenham,  C.E.,  should  be  attempted  from  the 
car  of  a  balloon. 

A  general  meeting  of  members  was  advocated  at  as  early  a  date 
as  should  be  warranted  by  the  value  of  the  information  to  be 
imparted  to  them. 


ZOOLOGICAL  SOCIETY. — April  10. 

The  Secretary  called  the  attention  of  the  Meeting  to  some 
recent  additions  to  the  Society’s  Menagerie,  amongst  which  were 
particularly  mentioned  two  species  of  Australian  birds  ( Psephotus 
pulcherrimus  and  Otis  australis')  never  before  exhibited  in  the 
Society’s  Gardens. 

Mr.  J.  Gould  exhibited  specimens  of  the  trachea  of  an  Inses- 
Sorial  bird,  from  Cape  York,  North  Australia  ( Manucodia  Gouldi, 
G.  R.  Gray),  which  was  of  very  remarkable  form  and  structure. 

Mr.  Tegetmeier  exhibited  and  made  some  remarks  upon  a 
supposed  original  drawing  of  the  Hodo  {Lulus  ineptus),  in  which 
the  colour  of  that  extinct  bird  was  represented  as  beino*  nearlv 
white.  °  J 

Hr.  Gray  gave  a  notice  of  an  Ape  (JMacacus  inornatus)  and  a 
Bush-bock  ( Cephaloplus  breviceps),  in  the  Gardens  of  the  Society, 
which  he  considered  to  belong  to  undescribed  species. 
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MICROSCOPICAL  SOCIETY. — April  4 

On  April  4,  the  Annual  Soiree  of  this  Society  held  at  King’s 
College,  attracted  a  numerous  concourse  of  visitors,  including 
many  distinguished  persons.  The  display  of  microscopes  was  very 
good,  and  some  important  novelties  might  be  observed.  Mr.  Ross 
exhibited  some  fine  instruments,  with  a  good  selection  of  striking 
objects ;  Messrs.  Smith  and  Beck  did  the  same,  and  exhibited  for 
Mr.  Wenham  a  new  binocular  arrangement,  devised  by  that  gentle¬ 
men  for  use  with  high  powers.  We  have  given  a  description  of 
this  invention  in  another  place,  accompanied  by  a  diagram  showing 
the  peculiar  compound  prism  which  Mr.  Wenham  has  devised. 
Messrs  Powell  and  Lealand  exhibited  their  new  binocular  arrange¬ 
ment  described  in  our  April  number.  Mr.  Highley  brought  a  fine 
collection  of  his  educational  slides  for  the  magic  lantern,  which 
open  out  a  valuable  mode  of  illustration  for  lectures  on  physiological 
and  natural  history  subjects.  He  likewise  showed  a  new  and 
exceedingly  compact  pocket  microscope,  well  adapted  for  tourists 
and  seekers  after  small  objects,  such  as  the  desmids  and  diatoms. 
When  folded  up,  it  goes  into  the  space  of  a  small  pocket  telescope, 
and  when  opened  is  well  supported  on  a  tripod  stand.  Mr.  Cooke 
exhibited  a  clever  apparatus  for  making  drawings  of  microscopic 
objects.  He  adapts  the  ordinary  microscopic  objectives  and  appa¬ 
ratus  to  a  camera  arrangement,  by  which  a  clear  magnified  image  of 
the  object  to  be  delineated  is  thrown  upon  a  table,  made  into  a  dark 
chamber  by  a  curtain,  through  an  opening  in  which  the  hand  is 
inserted  and  the  image  seen.  For  night  use  Mr.  Cooke  employs  a 
good  lamp  with  a  reflector,  and  for  day  use  he  has  devised  an 
economical  heliostat,  by  means  of  which  solar  light  can  be 
employed.  Messrs.  Pillischer,  Baker,  Horne  and  Thornthwaite, 
Murray  and  Heath,  Crouch,  Collins,  and  other  known  makers,  made 
an  effective  display  of  instruments,  and  Mr.  Wheeler  brought  an 
imposing  collection  of  microscopic  objects. 


PROGRESS  OF  INTENTION. 

In  places  where  railways  are  most  needed,  but  owing  to  disad¬ 
vantages  of  the  ground  and  other  hindrances,  the  transport  and  use 
of  large  instruments  proper  for  pioneering  them  is  often  most 
difficult,  an  instrument  at  once  portable,  and  capable  of  replacing  a 
theodolite  in  setting  out  railway  curves,  becomes  a  desideratum. 
An  instrument  called  a  “CYCLOSCOPE,”  or  curve-tracing  instrument, 
invented  and  patented  by  Mr.  H.  Temple  Humphreys,  Associate  of 
the  Institute  of  Civil  Engineers,  is  calculated  to  meet  this  want,  by 
measuring  angles,  and  setting  out  railway  curves  with  increased 
facility.  It  may  be  shortly  described  as  an  instrument  combining 
the  advantages  of  a  pocket-sextant  with  the  principles  of  a  kaleido¬ 
scope.  When  the  two  plane  mirrors  of  an  ordinary  pocket-sextant 
are  turned  towards  a  distant  object,  so  that  by  one  combined  reflec- 
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tion  between  both  mirrors,  a  reflected  image  of  tlie  object  is  obtained, 
tlie  angular  interval  between  the  image  and  the  object  is  twice  the 
angle  contained  between  the  mirrors.  Repeated  reflections  of  the 
same  kind  would,  of  course,  produce  a  series  of  images,  growing 
dimmer,  arranged  at  the  same  angle  from  each  other  as  the  first 
image  from  the  object.  This  is  found  to  be  the  case  when  the  object 
is  indefinitely  distant.  When  the  object  is  near,  as  in  the  common 
kaleidoscope,  and  placed  between  the  mirrors,  it  is  seen  repeatedly 
reflected  in  the  mirrors  at  equal  intervals  along  the  circumference 
of  a  mathematically  true  circle,  the  centre  of  which  is  the  intersec¬ 
tion  of  the  mirrors.  In  all  positions  whatever,  of  an  object  viewed 
by  reflection  with  two  plane  mirrors,  this  actually  remains  true. 
The  object  appears  the  first  of  a  series  of  images  arranged  at  equal 
intervals  round  the  circumference  of  a  circle  5  the  centre  of  which 
is  the  point  of  intersection  of  the  mirrors  with  each  other,  or  of  the 
images,  if  need  be,  produced.  Of  the  two  plane  mirrors  with  which 
the  cycloscope  is  entirely  composed,  the  front  mirror  is  half  silvered, 
and  it  is  brought  into  any  convenient  inclination  with  the  entire 
mirror  benind  it,  by  turning  a  screw’.  The  parts  of  a  revolution  of 
the  screw  correspond  to  minutes  of  a  degree  of  inclination.  When 
the  last  chained  peg  of  the  straight  line,  immediately  preceding  a 
railway  curve,  is  seen  directly  through  an  eye-hole  in  the  centre  of 
the  entire  mirror,  its  successive  combined  reflections  at  the  same 
time  meet  the  eye  at  equal  tangential  angles,  and  trace  out  a  circle 
the  direction  of  the  intended  curve.  The  curve  can  then  be  set  out 
by  pegs,  placed  at  equal  chained  distances  apart,  in  the  direction  of 
the  combined  reflections.  By  this  means  several  points  of  a  railway 
curve  can  be  set  out  at  one  sight,  and  the  necessity  of  repeated 
removal  and  readjustment  of  a  theodolite  in  the  ordinary  mode  of 
setting  out  railway  curves  is  avoided.  The  instrument,  which  is 
made  by  Mr.  Stanley,  at  the  Great  Turnstile,  London,  resembles  a 
pocket- sextant  in  being  also  a  small  and  portable  construction  for 
measuring  distances  and  angles  of  moderate  width. 

Economic  Peepaeations  of  Citeic  Acid. — Hitherto  it  has  been 
found  inconvenient  to  prepare  this  acid  where  the  lemons  are 
grown  that  is,  where  they  are  to  be  obtained  cheaply,  and  in 
abundance  on  account  of  the  complication  of  the  process  employed. 
This  difficulty  has,  however,  been  removed  by  M.  Perret,  who 
forms,  by  very  simple  means,  a  salt  which  may  be  stored  up  for  an 
indefinite  period,  without  risk  of  injury.  After  the  lemon-juice  has 
been  freed  .mechanically  from  its  impurities,  it  is  treated  with  excess 
of  magnesia,  which  causes  tri-metallic  citrate  of  magnesia  to  pre¬ 
cipitate,  as  a  brilliant  granular  powrder,  of  considerable  density,  that 
separates  easily  from  water,  and,  as  appears  by  examination  with 
the  microscope,  consists  of  minute  prismatic  crystals.  Neither 
change  of  temperature  nor  moisture  injure  this  compound.  The 
nse  of  a  process,  which  is  inexpensive,  and  applicable  in  all 
circumstances,  must  lead  to  the  more  abundant  production  of  citric 
apid  :  and,  by  consequence,  to  a  fall  in  its  price— a  matter  of  con- 

sk  eiable  importance,  on  account  of  the  very  valuable  properties  of 
the  acid. 
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COLOURIZATION  OF  PHOTOGRAPHS  BY  MEANS  OF  POLARIZED  LlGHT. — 
When  polarized  light  is  transmitted  through  plates  of  mica,  of 
suitable  thickness,  the  most  brilliant  and  beautiful  colours  are  pro¬ 
duced.  This  fact  has  been  for  some  time  past  applied  to  the 
colourization  of  natural  objects,  such  as  birds,  butterflies,  etc.,  and  it 
has  now  been  adapted  to  photography.  For  this  purpose,  plates  of 
mica,  of  the  thicknesses  which  are  required  to  produce  the 
proper  tints,  are  cut  so  as  to  correspond  with  the  outlines  of  the 
subject,  and  are  fastened  to  the  back  of  the  photograph  by  means  of 
isinglass  glue,  their  position  being  determined  by  that  of  the  plane 
of  polarization.  Only  flat  tints  are  thus  obtained  from  the  plates ; 
but  these,  as  is  long  known,  are  suited  to  the  production  of  the 
most  beautiful  effects  with  engravings,  and  they  answer  still  better 
for  photographs.  The  polarized  light  may  be  obtained  by  means  of  a 
glass  plate  coated  with  black  varnish.  If  the  photograph  makes  with 
this  plate  an  angle  complementary  to  35°  25',  parallel  rays  of  polar¬ 
ized  light  will  be  transmitted  through  it,  and  may  be  analyzed  by  a  few 
glass  plates  placed  within  a  hollow  prism  or  cylinder,  and  making, 
with  its  axis,  an  angle  of  35°  25',  the  end  of  the  cylinder  next  the  eye 
being  closed  with  a  cap,  having  a  very  small  aperture.  If  a  convex 
lens  of  low  magnifying  power  is  attached  to  this  aperture,  so  much 
the  better.  The  instrument  is  in  proper  order  when,  on  turning  it 
round,  while  directed  to  the  photograph,  there  are  two  positions 
in  which  the  field  is  perceptibly  darkened.  While  the  analyzer  is 
being  rotated,  the  tints  vary,  at  first  in  intensity,  and  then  are 
replaced  by  complementary  colours,  which  often  cause  the  picture 
to  produce  the  effects  of  a  caricature. 

Hew  Application  of  Theine. — It  has  recently  been  discovered,  by  a 
German  chemist,  that  a  most  beautiful  scarlet  or  purple  dye-stuff  may 
be  produced  by  means  of  theine.  Were  tea  the  only  source  whence 
this  alkaloid  could  be  obtained,  such  a  discovery  would  be  of  little 
value ;  in  reality,  however,  the  supply  of  theine  is  practically  un¬ 
limited.  The  leaves  of  the  Paulina  sorbilis ,  and  those  of  the  Ilex 
paraguensis — the  former  a  species  of  horse-chestnut,  and  the  latter 
a  species  of  holly,  contains  five  per  cent,  of  it,  which  is  quite  as 
much  as  is  afforded  by  the  very  best  kinds  of  tea.  Both  these  grow 
abundantly  in  Brazil,  and  millions  of  tons  of  their  leaves,  which  fall 
annually,  and  are  applied  to  no  purpose,  might  easily  be  utilized. 

Improved  Mode  of  Separating  Silver  from  Lead. — Hitherto  the 
separation  of  silver  from  lead  was  a  troublesome  process,  and  did 
not  afford  a  profitable  return,  when  the  quantity  of  silver  was  small. 
It  has  been  found,  however,  that  almost  the  whole  of  the  lead  may 
be  removed  by  very  simple  and  inexpensive  means.  After  the  metal 
has  been  brought  to  a  state  of  fusion,  it  is  run  into  a  pan,  and 
having  been  covered  with  small  pieces  of  coke,  a  small  jet  of  water 
is  thrown  upon  it.  The  whole  is  then  kept  well  agitated,  which 
causes  a  uniform  cooling  ;  and  when  this  has  proceeded  to  a  certain 
extent,  the  solid  mass  of  coke  and  lead  is  removed.  The  residual 
fluid  is  extremely  rich  in  silver,  which  may  be  separated  in  the  usual 
way,  at  a  comparatively  small  cost. 

Application  of  Turnips  to  the  Process  of  Dyeing. — The  process 
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of  dyeing  with  indigo,  though  extremely  simple  in  theory,  is 
attended  with  difficulties  in  practice  that  demand  the  skill  of  an 
adroit  and  experienced  workman.  M.  Leuchs,  of  Nuremberg,  has  so 
simplified  the  operation,  that  it  may  now  be  performed  by  any  one 
with  ease  and  certainty.  He  avails  himself  of  the  property  pos¬ 
sessed  by  pectine  of  changing  insoluble  blue  into  soluble  white 
indigo.  Fortunately,  pectine  is  very  plentiful,  being  found  in  large 
quantities  in  pumpkins,  melons,  etc.,  but  most  abundantly  of  all  in 
turnips.  Nor  is  it  required,  for  the  purpose  of  dyeing,  to  separate 
it  from  the  turnips ;  it  is  only  necessary  to  cut  them  up  in  small 
pieces,  after  which  they  are  ready  for  use.  Their  efficiency,  in  this 
state,  may  be  shown  by  a  very  simple  and  striking  experiment.  A 
small  quantity  of  indigo,  and  a  few  drops  of  a  solution  of  a  caustic 
alkali,  and  then  a  little  bit  of  turnip,  are  to  be  placed  in  a  tube 
closed  at  one  end  ;  after  which,  heat-  is  to  be  applied.  The  indigo 
becomes,  in  a  very  short  time,  colourless  and  soluble.  On  the  large 
scale,  one  hundred  parts,  by  weight,  caustic  ley,  at  a  temperature  of 
75°  Cent.,  one  part  indigo,  and  five  parts  turnips  chopped  very 
small,  are  used — the  turnips  being  put  within  a  wire  cage,  which  is 
suspended  in  the  liquor.  When  all  the  ingredients  have  been 
added,  the  temperature  is  raised  to  the  boiling  point :  and  as  soon 
as  the  indigo  has  become  colourless,  the  solution  is  decanted  off, 
and  requires  no  further  preparation  for  use  in  dyeing.  About  five 
per  cent,  of  the  turnips  are  left  as  a  residue,  which  answers  well  in 
paper-making.  At  places  where,  or  during  seasons  when  turnips 
cannot  be  had,  an  essence  extracted  from  them  with  water,  under  a 
pressure  of  two  or  three  atmospheres,  answers  equally  well — about 
four  parts  by  weight  of  it  being  used  for  one  part  indigo.  The 
employment  either  of  the  turnips  or  their  extract,  prevents  that 
waste  of  indigo  which  is  almost  inseparable  from  the  ordinary 
process. 

Gelatinous  Phosphate  of  Lime. — The  property  which  phosphate 
of  lime  has  been  found  to  possess,  of  accelerating  putrefaction,  is 
very  remarkable ;  and  tends  greatly  to  explain  its  efficiency,  both 
as  a  manure,  and  as  a  curative  agent  in  certain  forms  of  disease. 
Its  putrefactive  qualities  have  been  established  by  very  simple  but 
satisfactory  experiments.  Fish  glue  was  dissolved,  in  distilled 
water,  and  the  solution  was  divided  into  two  portions.  To  one  of 
these  gelatinous  phosphate  of  lime  was  added,  and  both,  after  having 
become  a  jelly  by  cooling — the  one  being  opaque,  and  the  other 
transparent — were  exposed  to  the  very  same  temperature.  The 
portion  to  which  the  phosphate  was  added  became,  in  thirty- six 
hours,  a  liquid,  and  exhaled  a  most  offensive  odour :  the  other 
remained  without  any  change  for  six  days,  and  at  the  end  of  that 
time  merely  emitted  a  musty  smell.  Also  some  chopped  beef  was 
divided  into  two  portions,  to  one  of  which  gelatinous  phosphate  was 
added.  In  thirty  hours  the  portion  to  which  the  phosphate  was 
added  became  putrid ;  the  other  not  until  the  seventh  day.  The 
energetic  action  of  the  phosphate,  in  these  cases,  has  been  explained 
by  the  fact  that,  as  M.  Pasteur  has  shown,  it  is  necessary  for  the 
development  of  the  sporules,  which,  by  producing  minute  organiza- 
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tions,  cause  putrefaction,  and  which,  are  present  everywhere  in  the 
air,  ready  to  attach  themselves  to  anything  suited  to  receive  them. 
Such  being  its  mode  of  operation,  it  must  necessarily  improve  manure, 
by  decomposing  its  organic  matters  ;  and  its  presence  in  fish,  and 
other  articles  of  food,  may  materially  aid  digestion.  So  far  from  being 
a  mischievous,  it  would  be  a  useful  addition  to  aliment,  as  it  supplies 
matter  for  bone. 

Transformation  of  Motion  into  Heat. — ^Numerous  instances  of 
this  transformation  occur  daily;  that  it  certainly  takes  place,  even 
in  the  case  of  fluids,  has  been  demonstrated  in  the  most  satisfactory 
manner  by  M.  Rennie.  He  boiled  an  egg,  by  merely  placing  it  in  a 
vessel  which  contained  about  ten  pounds  of  water,  and  which  was 
made  to  revolve  232  times  in  a  minute.  It  is  clear  that,  in  this 
case,  motion  was  the  only  possible  source  of  heat ;  and  the  result 
was  the  more  striking,  as  the  friction  of  fluids  is  so  very  much  less 
than  that  of  solids. 

A  Heav  Optical  Instrument. — A  verv  curious  instrument  has 
recently  been  invented  by  M.  Houdin.  He  calls  it  the  Iridoscojpe , 
from  the  facility  which  it  affords  of  observing  the  motion  of  the 
iris.  It  seems  to  have  been  suggested  by  the  effects  perceived  on 
looking  at  the  light  transmitted  through  a  decanter  of  water. 
Should  the  latter  contain  no  foreign  substances  floating  through  it, 
the  light  forms  a  brilliant  disc  ;  but  should  opaque  bodies  be  present, 
they  are  rendered  perceptible.  To  apply  this  fact,  he  places  on  the 
eye  an  opaque  shell,  which  is  sufficient  to  cover  it,  and  which  has  in 
the  centre  a  very  small  aperture,  through  which  the  sky  or  some 
other  diffused  light  is  to  be  viewed.  In  ordinary  circumstances, 
merely  a  disc  of  light  will  be  seen  ;  but  in  abnormal  states  of  the 
eye  the  case  will  be  different.  Hence  this  instrument  enables  any 
one  to  become  cognizant  of  all  that  takes  place  in  his  own  eye — the 
flowing  of  tears,  the  aqueous  humour  poured  in  when  the  eye  is 
fatigued,  the  veil  which  shades  the  light  when  cataract  is  being 
formed,  the  dilatation  and  contraction  of  the  iris,  etc. ;  and  the 
experiment  may  be  tried  very  satisfactorily  with  a  pill-box,  in  which 
a  hole  has  been  made  with  a  very  fine  needle. 

New  Galvanic  Battery. — A  modification  of  the  Bunsen  battery 
has  been  devised  by  M.  Gerardin,  which  seems  both  economic  and 
highly  effective.  The  zinc  element  is  replaced  by  iron  turnings, 
which  are  immersed  in  common  water,  a  plate  of  iron  being  thrust 
into  them,  for  the  purpose  of  forming  the  positive  pole.  The 
porous  cell  contains  a  solution  of  perchloride  of  iron,  to  which 
nitro-hydrochloric  acid  has  been  added.  The  negative  pole  is 
formed  with  gas  retort  graphite,  which  has  been  pulverized,  and 
then  agglomerated  with  paraffin.  A  very  large  amount  of  galvanic 
power  may  be  obtained  with  a  battery  of  this  kind,  at  a  small  cost. 

Hew  Solvents  for  Gold. — M.  F.  Hickles  has  usefully  developed 
the  fact,  that  gold  is  soluble  whenever  chlorine  or  bromine  are  given 
off.  As  to  iodine,  it  unites  only  indirectly  with  that  metal.  He 
has  found  that  gold  is  soluble  in  ethereal  solutions  of  the  perchlo- 
rides  and  perbromides  ;  also  in  solutions  of  the  sesquichlorides  and 
sesquibromides,  which — such  as  those  corresponding  to  the  ses- 
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quioxides  of  manganese,  nickel, 'and  cobalt — are  easily  reduced. 
The  stable  sesquicklorides — that  of  iron  for  example — have  no 
action  on  gold.  Although  iodine  has  but  little  affinity  for  gold,  a 
periodide  tube  dissolves  it  rapidly.  This  may  be  illustrated  by 
projecting  into  hydriodic  acid  a  peroxide,  a  metallic  acid,  or  any 
oxide,  the  corresponding  iodide  of  which  is  less  stable  than  pro- 
tiodide ;  and  then  adding  leaf  gold.  A  protiodide  is  formed,  and 
iodine  in  the  nascent  state  is  let  free.  The  presence  of  ether  assists 
the  solvent  power  :  it  is  more  effective  than  water  in  determining  the 
decomposition  of  hydriodic  acid,  and  dissolves  iodine  and  iodide  of 
gold  with  facility.  Hence,  if  gaseous  hydriodic  acid  is  transmitted 
into  ether  containing  leaf  gold,  some  of  the  latter  will  be  dissolved, 
hydriodic  acid  being  decomposed.  Aqueous  hydriodic  acid  has  no 
effect  on  gold. 

Miscellaneous. — The  Colour  of  Bed  Wine. — The  adulteration  of 
wines  being  so  general,  a  mode  of  detecting  any  of  the  sophistica¬ 
tions  employed  is  a  matter  of  some  importance.  In  no  way  is  even 
tolerably  good  wine  more  tampered  with  than  in  regard  to  its  colour. 
It  has  been  ascertained,  however,  that  its  artificial  colouration  may 
be  very  easily  detected.  For  this  purpose,  a  small  piece  of  bread, 
or  of  sponge  which  has  been  well  washed,  is  to  be  dipped  into  the 
suspected  wine,  and  then  placed  in  water.  If  the  dark  colour  of  the 
wine  has  been  produced  unfairly,  the  water  will  be,  at  once,  tinted  a  red 
violet ;  otherwise  not  until  after  about  half  an  hour. - New  Applica¬ 

tion  of  Chloroform. — Both  flour  or  meal,  and  the  mineral  substances 
ordinarily  used  to  adulterate  them,  are  completely  insoluble  in 
chloroform.  This  fact  has  suggested  a  very  satisfactory  mechanical 
test  of  the  purity  of  farinaceous  matters.  A  portion  of  the  meal  or 
flour  that  is  to  be  examined  having  been  placed  in  a  tube  which  is 
closed  at  one  end,  the  tube  is  to  be  nearly  filled  up  with  chloroform, 
and  the  open  end,  having  been  well  closed  with  a  cork,  is  to  be 
agitated  for  a  short  time.  All  the  farinaceous  matter  will  be  found 
collected  on  the  surface  of  the  chloroform:  and  the  mineral  matters, 
if  any  is  present,  will  have  subsided  to  the  bottom.  Should  there  have 
been  an  adulteration  with  mineral  matter,  it  will  thus  be  rendered 

distinctly  perceptible. - Allotropic  States  of  Oxygen. — The  researches 

of  M.  Schonbein  have  led  him  to  conclude  that  oxygen  may  exist 
in  three  allotropic  states.  Ozone  and  antozone  constitute  two  of 
these,  and  ordinary  oxygen,  a  combination  of  the' others,  the  remain¬ 
ing  one.  Normal  oxygen  may  be  decomposed  into  its  elements  ; 
but  as  yet  he  has  not  been  able  to  obtain  either  of  these  unmixed 

with  it. - New  Industrial  Application  of  Hydrofluoric  Acid. — In  the 

manufacture  of  beet-root  sugar,  half  the  crystallizable  sugar  has 
been  hitherto  left  behind  in  the  juice,  on  account  of  the  difficulty  of 
finding  an  acid  capable  of  removing  the  alkali  contained  in  the 
juice,  or  introduced  into  it,  during  the  processes  employed,  without 
injuring  the  organic  matters.  It  has  been  discovered,  however,  that 
hydrofluoric  acid  not  only  possesses  all  the  qualities  so  long  sought 
for,  but,  in  addition,  renders  the  clay  which  is  employed  in  the 
manufacture  more  energetic  in  its  action.  Four  per  cent.,  and 
afterwards  eight  per  cent,  hydrofluoric  acid,  expanded  by  a  tempera- 
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tnre  of  40°  Cent.,  and  afterwards  removed  at  a  temperature  of 
70°  Cent.,  with  a  suitable  quantity  of  lime,  affords  a  juice  which 
contains  about  eighty-eight  per  cent,  of  cry stalliz able  sugar.  Ordi¬ 
nary  juice  contains  only  about  eighty  per  cent.,  which  is  obtained 
aiso  at  a  greater  cost. 


NOTES  AND  MEMORANDA. 

Eruptions  at  Santorin. — The  Archives  des  Sciences  supplies  an  historical 
notice  of  Santorin  eruptions.  The  ancients  called  Santorin  Thera  and  also 
Kalliste,  or  the  Beautiful.  Pliny  states  that  it  rose  out  of  the  waters.  The  islands 
of  Therasia  and  d’Aspronisi  make  with  Santorin  the  shape  of  a  truncated  cone, 
of  which  the  crater  or  centre  is  occupied  by  the  sea,  forming  a  space  nearly  three 
leagues  long  and  nearly  two  wide.  In  225  e.c.  a  violent  earthquake  separated 
Therasia  from  Santorin.  In  the  sea  space  just  spoken  of  are  three  islands,  named 
Kaimeni.  The  most  ancient  of  these,  Palea  Kaimeni,  appeared  above  the  water 
with  flames  that  lasted  four  days  in  the  year  186  b.c.  In  19  a.d.  the  island  Tliia 
made  its  appearance,  and  another  island  came  up  in  60  a.d.  Both  these  islands 
are  now  united  to  Palea  Kaimene  at  Hiera.  In  726  a.d.  flames,  stones,  and 
smoke  were  ejected,  and  rocks  emerging  from  the  sea  joined  Hiera.  In  1457  and 
1508  it  received  fresh  additions.  Mikra  Kaimene  rose  up  in  1573,  with  a  crater 
forty  or  fifty  feet  high.  In  1650  fresh  earthquakes  occurred,  and  anisl  and  to  tha 
north  of  Santorin  wras  formed,  and  subsequently  destroyed.  In  1711  a  shoal 
appeared  without  a  shock  or  eruption,  but  earthquakes  soon  followed.  Move¬ 
ments  of  elevation  continued,  but  no  further  eruption  occurred  till  that  of  the 
2Sth  and  29th  of  January,  1866,  when  flames  burst  forth  accompanied  by  violent 
noises.  On  the  31st  of  January,  the  promontory  of  Volcano  was  split  off  from 
ISea  Kaimene.  The  little  island  thus  formed  sank  sixty  centimetres  in  two  hours, 
and  after  sank  at  the  rate  of  ten  centimetres  an  hour,  and  the  inhabitants  took  to 
flight.  On  Feb.  1,  the  sinking  was  at  the  rate  of  five  centimetres  an  hour. 
During  this  time,  flames  continued  between  the  two  Kaimene.  On  the  following 
day,  Feb.  2,  a  shoal  came  within  a  fathom  of  the  surface,  between  Nea  and  Palea 
Kaimene,  where  English  charts  showed  forty-five  fathoms  of  previous  depth. 
From  INea  Kaimene  this  shoal  or  island  was  seen  hour  by  hour  to  rise  slowly  and 
silently,  without  smoke.  By  the  evening  it  was  fifty  metres  long,  ten  or  twelve 
broad,  and  twenty  or  thirty  above  the  sea.  On  the  3rd  and  4th  it  grew  still 
bigger.  M.  Lenormont  thinks  that  this  isle  occupies  the  place  of  the  Isle  of 
Thia,  formed  in  19  A.D.  On  the  9th  of  February  the  island  was  still  growing, 
its  dimensions  then  being  140  metres  in  length,  sixty-five  broad,  and  forty-five  in 
height ;  and  at  night  it  looked  like  a  mass  of  coal  in  combustion.  On  the  9th 
March,  we  see  from  Comptes  Rendus  that  M.  Fouque  found  the  island  fifty  metres 
high.  The  island  Aphroessa  formed  on  the  13th  of  February,  he  found  to  be 
about  100  metres  in  circumference,  and  fifteen  to  twenty  metres  above  the  sea. 
The  new  formations  are  of  a  black,  vitreous,  very  felspathic  lava.  On  10th  inst. 
a  new  island  was  seen  near  Aphroessa  which  did  not  exist  the  evening  before.  It 
was  thirty  to  forty  metres  in  diameter,  and  a  meter  and  a  half  above  the  sea. 

The  Float  oe  the  Ianthina. — That  interesting  little  shell-fish  the  Iantliina 
is  well  known  to  attach  to  its  foot,  near  the  posterior  end  of  that  organ,  a  long 
float,  composed  of  vesicles  of  mucous  inflated  with  air.  The  Annals  Natural 
History  has  a  paper  translated  from  Lacaze-Duthiers  on  the  manner  in  which 
this  curious  apparatus  is  formed.  He  finds  that  the  creature  curls  up  the  anterior 
extremity  of  its  foot,  thrusts  it  out  of  the  water,  and  imprisons  an  air  bubble.  It 
then  applies  the  fore  part  of  the  foot  to  the  back  part,  secretes  mucous,  and  fixes 
a  mucous  bubble.  To  this  other  bubbles  are  attached,  until  the  float  reaches  the 
dimensions  necessary  to  float  the  shell.  M.  Lacaze-Duthiers  says  that  everything 
indicates  that  the  shell  and  the  animal  are  of  a  weight  which  does  not  allow 
them  to  swum  without  a  float,  and  those  which  remain  at  the  bottom  of  the  water 
quickly  die.  The  air  for  the  bubbles  is  not  secreted  by  the  animal,  but  obtained 
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by  thrusting  its  foot  above  tlie  water.  When  the  float  is  so  damaged  that  me 
creature  cannot  reach  the  surface,  it  is  unable  to  make  fresh  bubbles,  and 
perishes. 

Biela’S  Comet. — In  Astron.  Nachr.  Herr  F.  von  Franzenau  gives  the  position 
of  this  object  for  May.  M'av  5,  10,  and  15,  B.A.,  llh.  32m.  3s.,  llh.  40m.  10s., 
llh.  47m.  39s.  ;  I).,  15°  26—14°  24—13°  44b 

Spectea  oe  a  Obionis  and  Sibitts. — Padre  Secchi  has  published  an  account  of 
these  spectra,  as  seen  in  the  Boman  Observatory,  which  throws  considerable 
doubt  on  his  instrumental  means  or  special  acquaintance  with  this  class  of  objects. 
That  which  gave  value  to  Mr.  Huggins’  observations  was  the  great  care  taken  by 
Hr.  Miller  and  himself  to  make  accurate  measurements  of  the  more  important 
lines,  to  compare  their  position  with  those  in  the  spectra  of  various  elementary 
substances.  Sixteen  of  these  comparisons  were  made  in  the  case  of  the  spectrum 
of  a  Orionis.  P.  Secchi  finds  the  spectrum  of  a  Orionis  to  exhibit  bands  “almost 
as  the  spectrum  of  nitrogen,”  and  that  of  Sirius  to  resemble  sulphur.  The 
observations  of  Mr.  Huggins  and  Dr.  Miller  do  not  confirm  these  views.  During 
the  last  two  years  they  find  no  change  in  the  position  of  any  of  the  lines,  but 
they  say  (see  Monthly  Notices ),  “  a  Orionis  is  a  variable  star  of  great  irregularity, 
both  of  period  and  of  extent  of  change  of  brightness.  How  we  have  recently 
found  that  the  group  of  lines  and  shading  as  if  of  fine  lines  terminated  at 
its  more  refrangible  end  by  the  strong  line.  Ho.  1069’5  in  our  diagram  is  not  at 
present  visible  in  the  spectrum  of  this  star.  The  absence  of  this  group  is  of  great 
interest  in  connection  with  the  variability  of  the  star’s  light,  especially  as  the  time 
of  the  disappearance  of  the  group  coincides  with  the  epoch  of  the  maximum 
brilliancy  of  the  star.”  They  do  not  see  anything  to  suggest  the  resemblance  to 
spectra  of  sulphur  and  nitrogen  which  P.  Secchi  supposes. 

The  Companion  oe  Antaees. — Mr.  D.  A.  Freeman  writes  in  the  Monthly 
Notices,  that  turning  his  4-f  inch  Cooke  refractor,  at  Mentone,  an  hour  before 
sunrise,  towards  Antares  he  saw  the  companion  clearly  visible,  and  of  a  green 
colour.  Being  seen  with  so  small  an  aperture,  he  wonders  that  it  has  only  been 
recently  discovered,  but  he  states  that  the  atmosphere  was  in  an  unexceptionably 
fine  condition. 

,  Moeeis’s  Botating  Oe  ject-Holdeb. — Though  not  possessing  the  mechanical 
movements  which  make  Mr.  Bichard  Beck’s  revolving  disc-holder  so  convenient 
for  delicate  investigation,  Mr.  Morris’s  invention,  made  by  Messrs.  H.  and  W. 
Crouch,  will  be  a  useful  addition  to  microscopic  apparatus.  It  consists  of  a  brass 
plate,  about  the  size  of  an  ordinary  slide,  and  in  the  centre  is  a  disc-carrier, 
mounted  on  a  ball  and  socket  universal  joint.  The  disc-holder  can  be  removed, 
and  a  smaller  one  substituted,  or  a  slide-holder  inserted  in  its  place.  The  prin¬ 
cipal  use,  we  think,  Mr.  Morris’s  holder  will  be  put  to  is  to  carry  opaque  uncovered 
objects  intended  to  be  viewed  with  low  powers.  Such  things  as  minerals,  elytra 
of  beetles,  etc.,  could  be  conveniently  gummed  on  to  discs  of  blackened  cork,  any 
one  of  which  could  be  inserted  or  easily  removed  from  the  holder,  and  tilted  at 
any  angle  required.  We  believe  the  priority  of  invention  of  a  disc-holder  with 
motion  in  various  directions  belongs  to  Mr.  Beck,  and  his  apparatus  is  the  most 
complete.  There  is,  however,  room  for  Mr.  Morris’s  plan,  as  well  as  for 
Mr.  Beck’s,  and  we  have  no  doubt  it  will  be  liked  by  many  microscopists. 

Chemical  Action  oe  the  Panceeatic  Juice.— The  study  of  the  function 
performed  by  the  pancreatic  secretion  in  the  animal  economy,  has  led  to  the  dis¬ 
covery  of  properties  possessed  by  it,  which,  in  a  chemical  point  of  view,  are  of 
great  interest.  In  ordinary  circumstances,  fat  is  incapable  of  mixing  with  water. 
After  having  been  heated  along  with  that  fluid,  it  will  separate  perfectly  from  it, 
even  before  cooling.  Such  is  not  the  case  if  it  has  been  previously  heated  with 
fresh  and  acid  pancreatic  juice.  It  will  then  form  an  emulsion  by  mere  mixture 
with  water,  a  circumstance  which  is  remarkable,  as  its  constitution  has  undergone 
no  change  that  our  present  chemical  knowledge  will  enable  us  to  detect.  That  a 
change  has  taken  place  in  it  is,  however,  certain ;  and  it  is  equally  certain  that  this 
change  is  not  saponificatious,  as  the  fat  globules  remain  perfectly  distinct,  and  of 
nearly  uniform  size.  The  researches  of  chemists  will,  no  doubt,  ultimately  throw 
light  on  the  circumstance,  which  may  lead  to  important  results  in  more  depart¬ 
ments  than  one  of  practical  science. 
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On  the  Times  oe  Appeaeance  op  some  Lepidopteea  in  1865. — We  have 
received  the  following  from  Mr.  J.  K.  Clifford: — “The  ‘season’  of  1865,  con¬ 
sidered  entoroologically,  was  a  rather  singular  one.  Though  scarcely  to  be  called 
a  specially  ‘  good  ’  year,  yet  several  insects  usually  uncommon  turned  up  in  great 
abundance;  and  there  are  many  authentic  records  of  captures  of  species  exces¬ 
sively  rare.  But,  as  a  set-off  against  this,  other  species,  ordinarily  taken  in  some 
plenty,  were  difficult  to  pick  up  ;  so  that,  on  the  whole,  the  year  would  not  be  on 
the  par  with  some  prolific  ones,  such  as  1851. 

“  We  now  wish  to  note  down  some  of  the  dates  of  appearance  of  certain 
Lepidoptera,  most  of  them  common,  wdiich  came  within  our  own  obser¬ 
vation.  It  may  be  premised  that  the  season  was  what  would  be  considered  a 
forward  one,  the  great  majority  of  species  appearing  earlier  than  their  wont; 
though  there  are  some  species  so  resolutely  periodic,  that  they  refuse  to  fluctuate, 
be  the  weather  what  it  may. 

“  These  observations  that  follow  have  reference  only  to  the  vicinity  of  London  ; 
and  such  appearances  as  were  possibly  the  casual  emergence  of  a  stray  specimen 
some  time  before  the  bulk  of  his  brethren,  are  not  recorded.  In  each  case  the 
date  given  is  the  earliest  bond  fide  appearance. 

Hybernia  progemmaria .  March  24. 

Biston  hirtaria .  April  7. 

Tsemicampa  instabilis .  April  9. 

Hybernia  leucophearia  .  April  13. 

Selenia  illunaria .  April  16. 

Eupethecia  vulgata .  May  1. 

Anthecharis  Carclamines .  May  3. 

(In  connection  with  this  species,  I  name  a  curious  circumstance,  showing  how 
greatly  the  distance  of  a  few  miles  even  will  sometimes  affect  the  appearance  of 
a  species.  By  the  20th  of  May,  at  Acton,  in  Middlesex,  the  species  had  nearly 
disappeared,  while  near  Shirley,  in  Surrey,  on  the  26th,  examples  of  it  were  to  be 
seen  in  a  very  fresh  state.) 

Bumia  cratasgata  .  May  4. 

Hemerophila  abruptaria  .  May  4. 

Cidaria  immanata  .  May  4. 

Dicranura  vinula .  May  6. 

Platypteryx  unguicula .  May  7. 

Orgyia  pudibunda .  May  19. 

Smerinthus  Tilise .  May  20. 

Argynnis  Euphrosyne .  May  20  to  24. 

(Yery  plentiful  to  the  south  of  London ;  but  had  evidently  been  out  some 
days  previously,  the  wings  having  lost  their  pristine  beauty.) 

Ephyra  pendularia  .; .  May  20. 

Hepialus  Lupulinus .  May  24. 

Chortobuis  pamphilus .  May  24. 

Plusia  Gramma  . .  May  26. 

Smerinthus  Populi .  May  27. 

Cabera  esanthemaria .  May  27. 

Pygsera  Bucephala .  May  29. 

Anarta  Myrtelli .  May  30. 

Papilio  Machaon . . . .  May  31. 

Euplexia  lucipara .  June  1. 

Sesia  tiputiformis . .  J une  4, 

Aspilates  stregillaria .  June  6. 

Sphinx  Legustri .  June  7. 

Dicranura  bifida  . . .  June  8. 

Sesia  apiformis .  J  une  9. 

Ligdia  adustata .  June  9. 

Orgyie  gonostegma  .  June  18. 

Euthemonia  russula .  June  20. 

Pyralis  fimbrialis .  June  21 

Acronycta  megacephala .  June  26. 

Pseudoterpra  cytisaria  .  J  une  28. 

B  omby x  neustria .  J uly  7 . 


(Bred.) 


Cetera  desunt .” 
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Crystallization  at  Various  Temperatures.— Mr.  Thomas  communicates 
to  the  Oxford  Microscopical  Society  an  account  of  a  series  of  experiments 
in  crystallizing  for  the  microscope  the  double  salt,  sulphate  of  magnesia, 
and  sulphate  of  zinc,  made  with  a  Bunsen  burner,  and  a  stand  on  "which 
he  could .  arrange  slides  at  various  distances.  At  75°  he  obtained  a 
pattern  with  a  cross,  the  arms  of  which  were  curiously  curved.  He  says, 
u  It  seems  also  that  the  two  salts  combine  at  this  temperature  in  two  pro¬ 
portions  to  form  two  distinct  crystals,  one  having  a  distinct  axis  with  a  con¬ 
siderable  amount  of  double  refraction  ;  the  other  being  in  the  form  of  rounded 
masses  with  small  exfoliations  and  a  less  amount  of  double  refraction.”  At  85°, 
90°,  and  100°  he  finds  the  wave  patterns  become  smaller,  and  resemble  fine 
wires  flowing  into  each  other.  At  117°  the  rings  become  obliterated,  the  crystal 
arranges  itself  in  planes  radiating  from  the  centre.  At  this  temperature  about 
three  hours  are  required  for  the  development  of  the  crystals.  Sulphate  of  copper 
and  sulphate  of  magnesia  give  still  finer  results. 

Agamic  Reproduction  in  an  Acarus. —  The  April  number  of  the 
Quarterly  Journal  of  Microscopical  Science  contains  a  paper  on  this  subject  by 
Mr.  Richard  Beck.  He  found  that,  after  keeping  one  or  two  species  of  Acari  for 
a  considerable  time,  they  disappeared.  Further  search  revealed  another  kind  of 
acarus,  which  proved  to  be  a  predaceous  sort,  devouring  other  acari,  and  even  its 
own  species.  It  had  remarkably  large  falces,  and  laid  eggs  which  were  rather  small 
in  proportion  to  the  size  of  the  parent.  The  young,  as  it  comes  from  the  egg, 
has  only  six  legs.  It  is  white,  perfectly  transparent,  and  very  active.  At  the  age 
of  seven  days  it  casts  a  skin,  and  then  acquires  eight  legs.  *  Mr.  Beck  could  not 
detect  a  male  among  his  hatched  specimens.  He  isolated  one  which  laid  eggs, 
and  he  again  isolated  another  hatched  from  one  of  these  eggs,  and  isolated  two  more, 
one  of  which  was  killed  and  the  other  laid  eggs.  This  evidence  is  very  strong  in 
favour  of  agamic  reproduction. 

Daubeee  on  Meteorites— Recent  researches  of  M.  Daubree  tend  to  show 
that  meteorites  do  not  differ  from  terrestrial  combinations  of  matter  to  the  extent 
formerly  supposed.  He  finds  peridot,  Iherzolite,  and  serpentine,  three  terrestrial 
minerals,  to  bear  considerable  resemblance  to  them,  and  he  has  succeeded,  to  a 
certain  extent,  in  imitating  them  by  artificial  combinations.  He  says  that  the 
principal  difference  between  meteoric  and  terrestrial  rocks  depends  on  the  greater 
oxyclation  of  the  latter,  and  that  if  metallic  iron,  commonly  present  in  the  former, 
is  absent  in  the  latter,  the  difference  is  due  to  the  quantity  of  oxygen  which  the 
atmosphere  of  our  globe  contains.  He  calls  peridot  “  a  sort  of  universal  scoria,” 
found  alike  in  our  deeper  rocks,  and  in  meteoric  stones. 


WHITE-HEADED  WOODPECKER. 


Picus  albolarv 


s ,  (Baird.) 


THE  INTELLECTUAL  OBSERVER. 


JUNE,  1866. 

NORTH  WESTERN  WOODPECKERS. 

BY  J.  K.  LORD,  F.Z.S., 

Naturalist  to  the  North  American  Boundary  Commission. 

(  With  a  Coloured  Plate.) 

In  tlie  order  Scansores  (Lat.  scandor,  to  climb) ,  tbe  toes  are 
arranged  in  pairs,  two  project  forwards,  and  two  backwards — 
there  are  exceptional  cases  where  one  of  the  posterior  toes  is 
wanting — this  peculiar  form  of  foot  is  called  zygodaetylous, 
(Grk.  zugos ,  a  yoke,  daktulon,  a  toe),  or  in  plain  English  yoke¬ 
footed. 

The  scansorial  birds  of  North  and  North-Western  America, 
are  represented  by  four  families — parrots,  Psittacidce  ;  trogons, 
Trigonidce ;  cuckoos,  Guculidoe ;  and  woodpeckers,  Picidce. 
With  three  groups  we  have  nothing  to  do  but  have  only  to 
deal  with  the  genus,  Picus.  Generic  ch. — Bill  equal  to  the 
head,  sometimes  a  trifle  longer,  lateral  edges  very  prominent, 
commencing  about  the  centre  of  the  base  of  the  bill ;  nostrils 
near  the  commisure,  culmen  very  nearly  straight  or  slightly 
convex  towards  the  tip.  Bill  broader  than  high  at  the  base. 
The  outer  posterior  toe  is  the  longest,  and  the  tarsus  is  about 
equal  to  the  inner  anterior  toe.  The  wings  reach  to  the 
middle  of  the  tail,  fourth  and  fifth  quills  longest. 

There  are  a  great  many  subdivisions  of  the  genus,  as 
defined  above,  but  of  very  little  importance  or  interest  to  the 
reader. 

Woodpeckers  are  by  far  the  most  conspicuous  birds  the 
wanderer  meets  with  in  North-Western  America,  and  as  they 
are  to  be  found  everywhere,  from  the  line  of  perpetual  snow 
to  the  rocky  sea  coast,  it  is  not  to  be  wondered  at  that  the 
lone  hunter  and  fur  trader  learn  to  esteem  the  ^peckers/'’  and 
to  look  upon  them  with  greater  interest  than  either  hunter  or 
trader  ever  bestows  on  other  feathered  tenants  of  the  forest, 
except  such  as  appeal  directly  to  the  senses,  via  the  throat  and 
stomach.  The  very  red  men  reverence  woodpeckers,  and  the 
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“medicine  men”  hold  their  scarlet  plumes  to  be  “a  medicine/* 
all  powerful  to  guide  the  arrow  in  an  undeviating  course; 
hence  every  bow  has  the  crimson  crest  of  a  woodpecker 
dangling  from  its  end,  and  the  arrows  are  generally  plumed 
with  its  wing  and  tail  feathers. 

Transport  yourself,  courteous  reader,  to  the  banks  of  the 
mighty  Columbia,  a  thousand  miles  from  the  sea  coast ;  never 
mind  by  what  means  you  arrive,  only  try  to  suppose  we  are 
together,  our  head-quarters  for  the  time  the  Hudson  Bay 
Company’s  trading  post,  Fort  Colville.  Our  first  ramble  shall 
be  along  the  winding  trail,  leading  over  the  sandy  waste,  on 
which  the  so-called  fort  stands  ;  on  our  right  hand  (we  must 
pass  close  to  them)  are  several  Indian  lodges  :  these  comical 
affairs  are  made  of  rush  mats  and  scraps  of  hide,  supported  on 
a  frame- work  of  sticks,  with  a  hole  at  the  top  to  let  the  smoke 
out ;  dingy  little  urchins  by  the  dozen,  may  always  be  seen 
outside,  rolling  and  frollicking  amidst  a  pack  of  prick-eared 
curs,  ever  ready  to  bite  a  stranger* s  legs,  their  playmates,  or 
each  other  for  that  matter,  on  the  slightest  provocation ; 
flabby  squaws  crouch  at  the  entrance -hole,  door  is  a  mis¬ 
nomer,  whilst  a  peep  through  the  gaping  seams.,  reveals  several 
half-naked  savages,  idling  drowsily  round  a  few  smouldering 
embers,  placed  in  the  centre  of  this  most  squalid  habitation. 
I  should  as  soon  think  of  obtaining  pearls  from  a  garden-snail, 
as  poetic  ideas  from  anything*  appertaining  to  the  “Noble 
Savage/*  On  our  left,  and  behind  us,  the  treeless  plain — 
once  clearly  the  bottom  of  a  large  lake,  for  the  water-line  is 
still  visible  round  the  edges  of  the  encircling  hills,  and  the 
gravelly  surface  is  bestrewen  with  boulders  and  water-worn 
pebbles — stretches  away  for  a  good  two  miles,  to  meet  the 
wooded  slopes  of  a  ridge  of  hills,  that  ascend  in  terraces 
composed  of  ancient  gravels,  until  growing  obscure  in  the 
mist  and  haze  of  distance,  they  seem  to  mingle  their  summits 
with  the  clouds ;  a-head  a  narrow  stream,  twists  like  a  silver 
cord  from  the  base  of  the  hills,  to  join  the  Columbia;  this 
stream  we  cross  on  a  fallen  tree,  a  bridge  of  Nature’s  own 
contriving,  worn  bare  by  the  feet  of  the  red  skins  that  traverse 
it  by  the  hundred  during  the  salmon  harvest ;  now  we 
scramble  up  a  steep  shingly  rise  and  stand  on  a  level  plateau, 
where  gigantic  pitch-pine  trees,  many  of  them  250  feet  high, 
and  straight  as  flagstaffs,  grow  thickly.  I  scarcely  know  a 
more  beautiful  pine  than  this,  the  Pinus  ponderosa ,  which  to  a 
great  extent  replaces  the  Douglas  pine  (Abies  Douglassii) 
everywhere  east  of  the  Cascade  Mountains.  The  bark,  arranged 
in  massive  scales,  not  unlike  that  peculiar  to  the  cork  tree,  has 
between  each  of  the  shields  or  scales,  deep  clefts  and  fissures, 
like  miniature  valleys  between  mountains  of  bark,  hollows 
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affording  most  admirable  lurking  places  and  skeltered  retreats 
for  all  sorts  of  insects.  Far  below  ns  we  gaze  down  on  a 
landscape,  matchless  in  its  massive  grandeur  and  sublime 
beauty ;  a  scene  wherein  primeval  forests,  craggy  rocks,  and  a 
surging  cataract,  400  feet  in  width,  grouped  by  the  hand  of 
the  Creator,  fairly  stagger  one  by  their  very  immensity.  The 
(e  Kettle  falls 33  are  not  so  remarkable  for  altitude,  as  for  the 
enormous  volume  of  water,  that  sweeps  in  foaming  current 
over  the  jagged  masses  of  basaltic  rocks,  through  which  the 
river  at  this  spot  breaks  its  way;  here  too  the  lake  water 
which  once  filled  the  hollow  we  have  just  crossed  evidently 
made  its  escape,  whether  let  out  by  subsidence  of  the 
rocky  barrier,  or  upheaval  of  the  land  below  and  around 
it,  is  not  very  easy  to  determine ;  about  a  mile  above  the 
Kettle  falls  the  Na-koi-la-pit-ka  river  joins  its  waters  with 
those  of  the  Columbia,  and  when  thus  reinforced,  the  river 
rushes  on  with  a  fearful  velocity  to  reach  the  falls;  its 
width  at  this  distance  from  the  sea  is  400  yards,  and  in 
summer,  when  flooded  by  the  melting  snows,  it  rises  quite 
40  feet  above  its  autumn  and  winter  level.  Before  this  resist¬ 
less  current  takes  its  final  plunge  over  the  rocks,  the  entire 
river  is  split,  so  to  speak,  by  an  island,  bare,  rocky,  and  devoid 
of  vegetation,  save  a  few  gnarled  and  twisted  pine  trees,  that 
struggle  for  an  existence  amidst  the  clefts  in  the  rocks.  This 
island  adds  very  materially  to  the  charm  of  the  scene,  standing 
in  mid  channel,  it  gives  one  the  idea  that  it  is  floating,  just  as 
if  a  small  mountain  had  fallen  into  the  river,  and  was  being 
rapidly  carried  over  the  falls,  and  the  more  steadfastly  we  gaze 
at  it,  the  firmer  grows  the  belief  in  its  possessing  motion ;  thus 
staring  at  the  island  and  the  eddying  rapids  that  whirl  past  it, 
I  have  often  grown  dizzy,  and  for  a  moment  imagined  that  the 
rocks  I  sat  on,  and  the  entire  river  bank  with  them,  were  fast 
moving  towards  the  falls.  Below  this  insular  clump  of  rocks,  the 
waters  again  join  and  dash  over  the  falls,  so  great  is  the  force 
of  the  stream,  that  the  water  looks  like  moving  snow,  and 
from  its  seething,  bubbling,  and  boiling  appearance  the  fur 
traders  have  named  it  the  “  Kettle  falls/-’  This  spot  is  the 
grand  depot  for  fishing,  during  the  salmon  “  run,”  which 
takes  place  in  June  and  July ;  over  five  hundred  Indians  then 
assemble  here,  in  order  to  trap  this  lovely  fish,  to  them  an 
absolute  necessity ;  cut  them  off  from  the  salmon-harvest  and 
they  must  inevitably  perish,  during  the  bitter  winter,  starved 
alike  by  cold  and  hunger. 

The  country  east  of  the  Cascades,  where  we  suppose  our¬ 
selves  to  be,  differs  entirely  from  that  of  the  west  side,  or 
coast  slopes,  and  this,  together  with  other  minor  causes,  makes 
the  fauna  of  the  district  that  lies  betwixt  the  east  side  of  the 
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Cascades,  and  western  slopes  of  tlie  Rocky  Mountains,  muck 
richer  in  number  and  variety  of  species,  than  is  found  to  be 
the  case  on  the  colder  and  more  densely  wooded  slopes  of  the 
coast  ranges  westward  of  the  “  water-shed  "  The  forests  on 
the  west  side  are  extremely  dense,  the  characteristic  pine  trees 
being  A.,  Douglassii ,  Thuja  gigautea,  and  several  others  which 
do  not  attain  to  so  great  a  size ;  but  everywhere  there  is  a 
tangled  chaos  of  under-bush,  through  which  it  is  impossible 
for  any  animal  larger  than  a  rabbit  to  make  its  way,  hence  it  is, 
that  comparatively  few  animals  are  found  there,  excepting  in 
and  about  the  swampy  places,  known  as  wet  prairies,  and  only 
such  birds  as  love  the  dark  solitude  of  the  pine  forests.  But 
here,  in  the  Colville  valley,  which  may  be  accepted  as  a  fair 
type  of  the  general  character  of  the  country,  extending  in  a 
southerly  course  into  Oregon  and  California ;  northwards  to¬ 
wards  Sitka,  tne  frontier  of  Russian-America,  the  forests  again 
become  dense,  the  under-growth  thick  and  tangled,  and  the 
hills,  as  a  rule,  are  only  divided  by  deep  narrow  valleys,  often 
little  else  than  rocky  gorges. 

In  this  delightful  (Colville)  valley,  we  have  every  require¬ 
ment  to  make  it  a  paradise  for  all  the  feathered  migrants,  and 
although  only  the  ridge  of  the  Cascade  Mountains  divides  it 
loin  the  Rraser  River  districts,  still  we  shall  find  numerous 
species  of  bnds  here,  that  are  never  seen  on  the  western  side  ; 
indeed  I  may  safely  say,  that  I  could  nearly  define  the  water¬ 
shed,  by  noticing  certain  birds  and  animals,  which  seem  to  meet 
at  this  imaginary  frontier,  but  never  cross  it,  as  far  as  I  know, 
01  mingle  with  each  otner.  I  may  instance,  in  illustration  of 
what  1  mean,  two  species  of  squirrel— the  red-bellied  squirrel 
(b.  Douglassii)  and  the  Hudson's  Bay  squirrel  (S.  Hudsonica), 
that  never  intercross,  over  the  ridge  of  the  Cascades,  although 
.they  meet  at  the  summit,  one  being  invariably  found  on  the 
east  slopes,  whilst  the  other  is  equally  as  constant  to  the  west. 
Ihe  sharp-tailed  grouse  is  confined  to  the  eastern  side,  so  are 
several  of  the  woodpeckers  we  are  about  to  consider;  so  is  the 
yellow-haired  porcupine,  the  badger,  Says  squirrel,  and  many 

o  er  mammals.  I  could  add  a  host  of  similar  instances,  but 
these  will  suffice. 

The  Colville  Valley  is,  roughly  estimating  it,  about  twenty 
miles  m  length  and  of  varying  width ;  a  small  stream  flows 
i  ougk  it,  and  the  rounded  hills  on  either  side  are  but  very 
sparsely  timbered ;  and  betwixt  them,  in  every  direction,  are 
small  lakes,  belted  with  birch,  alder,  and  poplar  trees.  Instead 
ol  the  impenetrable  brush,  the  ground  under  the  timber,  is  here 
.  y  ^  °thed  with  bunch-grass,  so  called  from  its  habit  of  grow- 
mg  m  tufts ;  and  from  amidst  its  green  luxuriance  wild  flowers  of 
gayest  colour,  and  often  sweetly  perfumed,  flourisli  plentifully. 
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Now,  if  I  have  succeeded  in  impressing  on  your  mind,  by 
thus  taking  you  an  imaginary  ramble,  the  general  features  of 
the  country,  wherein  our  friends  the  woodpeckers  reside  during 
the  sunny  summer  time,  it  will  help  very  much  towards  making 
clearer,  what  I  have  now  to  say  in  reference  to  the  few  species 
of  woodpeckers,  which  I  have  selected  for  description,  as  offer¬ 
ing  many  points  of  interest  in  relation  to  their  habits,  periods 
of  migration,  nesting,  and  feeding,  not  generally  known. 

Thirteen  species  of  woodpeckers  may  be  found,  during  the 
summer  season,  in  this  valley  and  on  the  hills  adjoining.  The 
genus  Ficus  has  four  representatives — Harrises  woodpecker 
(P.  Harrisii) ;  the  downy  ^woodpecker  (P.  pubes cens),  called  by 
the  traders,  settlers,  and  trappers,  “  sap- sucker,”  from  an 
absurd  idea  they  have,  that  the  bird  punctures  the  trees  in 
order  to  make  the  sap  run  out,  and  then  sucks  it  up  ;  Gair  duck's 
woodpecker  (P.  Gairdneri) ;  and  the  subject  of  the  illustration, 
the  white-headed  woodpecker  (P.  albolarvatus) .  The  first 
three  species  frequent  damp,  swampy  spots,  their  habits  are 
very  similar,  and  they  are  often  seen  together  on  the  same  tree. 
The  colour  of  the  plumage  in  all  three  is  simple  in  the  extreme, 
consisting  of  a  plain  suit  of  black  and  white,  the  white  arranged 
in  stripes  on  the  back,  and  in  spots  on  the  outer  surface  of  the* 
folded  wing.  The  larger  of  the  three  (P.  Harrisii )  measures- 
only  9J  inches;  the  smaller  (P.  pubescens),  6^  inches. 

When  wandering’  through  these  dark  swampy  patches,- 
wherein  rank  vegetation  springs  from  death  and  decay,  where' 
fungoid  growths  flourish,  and  long  pendants  of  lichen  hang  like 
whitened  beards,  from  the  moss-covered  mouldv  trees,  we  are 
certain  to  see  either  one  or  the  other,  if  not  all  three,  of  these 
tiny  woodpeckers.  The  busiest  of  the  busy,  they  run  along 
on  the  rotting  sticks  and  logs,  anon  stopping  to  excavate  a 
hole,  in  order  to  reach  the  snug  gallery  of  some  fat  larva; 
then  head  downward  peer  into  every  crevice  in  which  an  insect 
would  be  likely  to  hide  itself,  or  continual^  casting  sidelong 
glances  in  every  direction,  look  sharply  for  the  approach  of  an 
enemy.  Having  exhausted  this  hunting  ground,  in  jerking 
flight  they  seek  another.  Watch  them  from  dawn  to  dark, 
and  you  never  see  these  little  woodpeckers  resting,  or  ceasing 
their  search  for  insects.  Their  digestive  powers  must  be  pro¬ 
digious,  or  they  can  rarely  get  good  sport,  for  it  seems  to  me 
they  never  abandon  their  labour,  as  other  birds  do,  when 
hunger  is  appeased.  The  trio  make  their  nests  (often  choosing" 
the  same  tree)  in  holes  dug  in  for  a  short  distance  horizontally, 
then  excavated  vertically  to  a  depth  of  two  and  three  feet ;  no 
lining  of  any  kind  is  provided  for  the  eggs  to  rest  on,  except 
some  of  the  finer  dust,  obtained  whilst  digging  the  hole.  A 
dead  cotton-wood,  alder,  or  willow  is  usually  the  favoured  tree. 
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and  tlie  holes  are  almost  invariably  made  in  the  stem  of  the 
tree^  never — or  at  any  rate  but  very  rarely — in  the  wood  of 
the  branches.  They  make  their  appearance  from  the  south  in 
May,  and  very  soon  after  their  arrival  pair,  and  commence 
the  cares  and  pleasures  of  parental  duty. 

The  white-headed  woodpecker;  admirably  portrayed  in 
the  coloured  plate  by  Mr.  Wood;  who  made  the  drawing 
from  specimens  of  the  birds  in  my  own  possession;  is  the 
rarest  and  least  known  of  all  the  north-western  species.  Pro¬ 
fessor  Baird;  in  his  invaluable  work  on  the  birds  of  America; 
p.  97;  says,  speaking  of  this  woodpecker;  “  it  is  an  exceed- 
ingly  rare  species;  not  more  than  three  or  four  skins  being 
knoAvn  to  exist  in  collections.”  Mr.  Cassin  named  it  Leuco - 
nerpes  albolarvatus,  and  was  the  first  to  describe  it;  from 
specimens  obtained  somewhere  in  California ;  but  as  it  belongs 
to  another  genus;  Professor  Baird  has  retained  as  its  generic 
name  that  of  Picus. 

Sp.  ch.  The  colour  is  bluish-black;  with  the  exception  of 
the  head;  which  is  snowy  white;  the  outer  edges  and  entire 
basal  portion  of  the  primaries  are  also  snowy  white ;  the  fourth 
and  fifth  quills  are  of  equal  length;  and  somewhat  longer  than 
the  others ;  there  is  no  trace  of  white  on  the  first  primary; 
excepting  a  spot  on  the  concealed  end  of  the  basal  portion ; 
the  white  on  the  outer  web  of  the  other  wing  feathers  termi¬ 
nates  about  three  quarters  of  an  inch  from  the  tip;  a  large 
patch  of  white  being  visible  in  the  folded  wing  ;  the  beak  is 
particularly  strong;  wedge-shaped  at  the  point;  and  sharply  keeled 
or  ridged  from  its  base  to  its  tip ;  nostrils  large;  and  partially 
hidden  by  tufts  of  hair-like  feathers  that  spring  from  the  base 
*of  the  beak  ;  feet  and  claws  remarkably  strong;  the  outer  hind 
too  being  double  the  length  of  the  inner;  and  somewhat  longer 
than  the  two  anterior  fcoes ;  tarsi  strongly  scaled ;  no  white 
on  the  tail;  and  the  shafts  of  the  feathers  are  very  stiff  and 
strong;  the  male  differs  from  the  female  only  in  having  a 
narrow  stripe  of  bright  Scarlet;  partially  encircling  the  nape, 
and  dividing  the  white  from  the  black  of  the  back ;  the  white 
is  continued  down  the  throat  to  the  upper  part  of  the  breast; 
where  if  terminates  abruptly.  Length  about  9  inches ;  wing, 

■  5|  .inches ;  tail;  4  inches. 

X  first  saw  this  most  quaintly-coloured  woodpecker;  creeping 
round  and  round  the  trunk  of  a  massive  pitch-pine;  growing  on 
the  plateau  where  we  together  indulged  in  an  imaginary  peep 
at  the  Kettle  falls.”  Never  before  had  I  seen  any  bird  in  this 
region  so  conspicuously  coloured;  or  in  such  direct  contrast  to 
the  red  bark  of  the  trees;  amongst;  and  on  which;  it  was  hunting. 
The  bird;  too,  had  spied  me  out,  and  clearly  deeming  me  an 
enemy,  carefully  kept  the  tree  betwixt  us.  In  vain  I  tried 
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every  artifice  I  could  think  of  to  get  a  shot  at  this,  to  me, 
novel  visitor ;  but  do  what  I  would,  the  crafty  fellow  managed 
to  elude  me,  and  although  it  was  continually  flying  from  tree 
to  tree,  never  by  any  accident  did  it  quit  the  one  it  was 
hunting  on,  but  on  the  opposite  side  to  that,  on  which  I  was 
watching. 

Hour  after  hour  I  followed  the  bird,  all  the  while,  play¬ 
ing  a  continuous  game  of  hide  and  seek;  night  was  rapidly 
approaching,  and  I  was  nearly  abandoning  every  hope  of 
killing  it,  when  an  owl  frightened  the  poor  little  “ pecker” 
into  utter  forgetfulness  of  its  previous  caution ;  it  unwisely 
flew  past  me,  and  I  shot  it.  The  sketch  of  the  male, 
illustrating  this  account  of  the  white-headed  woodpecker, 
was  made  from  the  stuffed  skin  of  the  identical  bird,  which 
had  cost  me  so  much  labour  to  obtain.  A  few  days  after 
this  event,  two  or  three  more  made  their  appearance,  and 
day  after  day,  their  numbers  steadily  increased  up  to  about 
the  12th  of  May.  By  this  time  the  first  arrivals  had  settled 
their  love  affairs,  and  the  later  comers  were  wooing.  As  soon 
as  differences  were  adjusted,  and  connubial  matters  amicably 
arranged,  the  happy  couples  at  once  betook  themselves  to  the 
denser  forest,  on  the  hill  sides.  Stragglers  might  occasionally 
be  seen,  perhaps  disconsolate  old  bachelors,  or  disappointed 
spinsters,  hunting  by  themselves.  The  general  migration  was 
clearly  over,  and  nesting,  the  grand  aim  and  purpose  of  the 
journey,  had  commenced.  During  the  period  of  love-making, 
four  or  five  of  these  woodpeckers,  generally  only  one  of  them 
a  lady,  might  often  be  seen  together  on  a  log ;  and  it  was  most 
curious  to  watch  the  males  drooping  their  wings,  and  bending 
down  their  heads,  evidently  for  the  purpose  of  exhibiting  their 
scarlet  collars  to  the  best  advantage,  strutting  up  and  down  the 
logs,  and  then  circling  round  the  lady  as  ancient  beaux  danced 
minuets ;  each  male  during  this  performance  kept  up  a  con¬ 
tinuous  chattering,  not  the  least  like  the  note — a  short,  sharp 
chirp— both  male  and  female  always  utter  when  flying  from 
one  tree  to  another.  Sometimes  the  programme  was  varied 
by  a  brief  battle ;  fighting  is  evidently  not  cultivated,  or 
esteemed  a  “birdly  art  of  self  defence”  in  woodpecker  society. 
A  more  bungling  hustle  and  scratch  system  of  warfare,  than 
that  displayed  by  these  love-sick  woodpeckers,  would  be  hard 
to  imagine.  I  suspect  the  fair  one  does  not  make  a  careless 
selection,  but  devotes  many  days  to  satisfy  her  mind.  The 
favoured  one  chosen,  the  rejected  cocks,  like  sensible  birds,  at 
once  look  out  for  another  unmated  damsel,  and  are  quite  con¬ 
tent,  if  they  cannot  have  what  they  like,  to  accept  what  they 
can  get.  Their  habit,  when  in  search  of  food,  is  to  shell  off 
the  scaly  bark  of  the  pitch  pine.  I  have  never  observed  them 
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digging  in  dead  trees,  or  making  immense  holes,  as  the  custom 
is  with  most  of  the  other  species,  but  confining  themselves 
entirely  to  the  one  species  of  pine,  they  split  the  rugged  bark, 
and  throw  it  down  in  chips.  I  have  often  seen  a  heap  of  such 
debris  at  the  foot  of  a  favourite  tree,  three  feet  and  more  in 
depth,  and  any  one  would  at  once  say,  unless  he  saw  the  birds 
at  work,  that  some  person  had  been  busy  with  an  axe  chopping 
off  the  bark.  The  purpose  of  all  this  digging  is  at  once  evi¬ 
dent,  if  with  a  stiff  knife,  you  split  some  of  the  thick  corklike 
junks  of  bark,  that  stud  the  trunks  of  all  old  pitch  pines,— a 
peculiarity  of  structure  very  unlike  anything  one  sees  in  other 
species — the  interior  of  the  split  portion  will  be  found  to 
contain  hosts  of  tiny  beetles,  or  weevils  ( curculionidce )  I  should 
more  correctly  say.  These  minute  brown  fellows  live  in  small 
round  holes  which  they  bore  in  the  bark,  often  so  close  to  each 
other  as  to  divide  the  thin  wall  separating  their  galleries.  To 
reach  the  haunts  of  these  bark-miners,  the  white-headed 
woodpeckers  really,  and  not  in  mere  figure  of  speech,  chisel 
off  the  bark  chip  after  chip,  and  when  one  is  thus  made  fully 
conversant  with  the  bird^s  habits,  it  becomes  an  easy  matter  to  see 
how  wonderfully  the  beak  and  claws  are  adapted  to  fulfil  their 
necessary  requirements.  The  beak  is,  to  all  intents  and  pur¬ 
poses,  a  horn  chisel,  or  wedge,  perhaps,  is  a  better  term,  con¬ 
trived  most  admirably  as  an  instrument  for  splitting,  if  the 
most  skilled  mechanic  were  to  try  his  best  to  fashion  an  efficient 
wedge,  I  unhesitatingly  say,  without  fear  of  contradiction,  that 
he  could  not,  with  all  his  art  in  handicraft,  design  so  perfect 
an  instrument  as  this  little  woodpecker  is  supplied  with.  To 
work  the  wedge  with  effect,  when  the  bird  is  clinging  to  the 
trunk  of  a  tree,  as  often  with  its  head  downwards  as  in  a  ver¬ 
tical  position,  needs  a  contrivance  with  which  it  can  steady 
itself  firmly,  whilst  forcing  its  beak  through  the  bark,  which  is 
tough,  and  therefore  does  not  easily  give  way.  Now  turn  we 
to  the  feet,  and  we  shall  see  at  a  glance  how  perfectly  they  are 
contrived  to  accomplish  this  purpose.  The  long  sickle-shaped 
claws,  resemble  those  of  a  bird  of  prey  more  than  an  insect 
feeder,  and  are  veritable  anchors,  that  fasten  on  the  inequalities 
of  the  bark,  and  hold  the  bird  as  firmly  as  if  it  was  nailed  to 
the  tree.  The  holding  power  of  the  claws  is  well  shown,  by 
shooting  one  of  these  birds,  when  it  is  in  the  act  of  splitting  the 
bark.  If  killed,  it  will  not  fall  to  the  ground,  but  re¬ 
mains  clinging  to  the  tree,  kept  there  by  the  hooked  claws, 
that  even  in  death  do  not  relinquish  their  grip.  The  outer 
hind  toe,  being  so  much  lengthened,  adds  materially  to  the 
power  of  steadying  the  body.  The  tail  is  also  a  powerful 
auxiliary  to  the  feet ;  its  sharp  pointed  stiff  feathers,  when 
depressed,  and  tightly  pushed  against  the  roughened  surface 
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of  tlie  tree,  act  as  scaffold  poles,  and  firmly  resist  all  backward 
pressure. 

The  wedge-like  beak,  would  be  a  very  inefficient  instrument 
to  capture  suck  diminutive  creatures,  as  these  birds  principally 
feed  on,  if  unaided,  and  tlie  required  assistance  is  provided.  The 
construction  of  the  tongue  is  strangely  modified  to  meet  tlie 
necessity.  The  top  of  this  curious  instrument,  as  in  all  wood¬ 
peckers,  is  of  a  liorny  substance,  very  sharp,  and  armed  with 
four  small  barbs  or  hooks,  the  points  of  which  are  directed 
towards  the  throat ;  more  than  this,  it  is  always  covered  with  an 
adhesive  secretion,  specially  supplied  by  two  small  glands ;  the 
tongue  can  be  easily  pushed  out  to  a  great  length,  the  peculiar 
arrangement  of  the  hyoideal  bones  specially  fitting  it  to  be 
extended  and  retracted.  I  do  not  agree  with  those  writers 
who  imagine  woodpeckers  impale,  or  rather  spear  insects 
and  larvae  with  this  formidable -looking  weapon.  My  own 
opinion  is,  that  it  is  only  used  as  a  kind  of  probe,  placed 
under  or  against  any  luckless  insects,  “  the  catch  ’em  alive 
0,”  stops  their  scampering  and  kicking,  whilst  the  serrated 
points  prevent  them  from  slipping  oft'  during  the  process 
of  being  dragged  in  and  bolted.  I  carefully  examined  the 
stomachs  of  one  or  two  specimens  of  P.  albolarvatus ,  and 
found  them  crammed  with  the  small  brown  weevils,  that  bore 
into  the  pitch-pine  bark,  but  no  trace  of  any  other  insect  was 
discoverable. 

I  had  many  long  hunts  before  I  succeeded  in  finding  the 
nesting- place  of  these  woodpeckers,  and  then  any  chance  of 
obtaining  their  eggs  was  a  physical  impossibility. 

The  hole  in  which  the  hen-bird  lays  her  eggs,  is  always 
bored  in  the  dead  branch  of  a  pitch-pine,  often  150  or  200  feet 
from  the  ground ;  small  branches  are  invariably,  and  without 
doubt  designedly,  selected  for  the  purpose.  The  dead  limbs 
are  extremely  brittle,  hence  the  weight  of  the  lightest  squirrel 
would  most  certainly  snap  them  off.  That  wondrous  instinct 
by  which  all  the  feathered  races  are  directed  how  best  to  guard 
their  fledglings — some  by  concealment,  others  by  suspending 
their  nests,  indeed  nearly  every  species  has  some  system, 
specially  designed  to  frustrate  the  enemy  most  to  be  dreaded 
— has  taught  the  white-headed  woodpeckers  to  protect  them¬ 
selves,  their  eggs,  or  their  children  against  the  depredations 
of  that  most  inveterate  poacher,  the  pine-marten  ( Mustela 
Americana).  Night  and  day  this  bloodthirsty  rascal  is  ever 
prowling  over  the  trees,  on  the  look-out  for  anything  eatable — 
squirrels,  birds,  and  eggs  are  alike  acceptable,  “  all’s  fish  ” 
that  comes  within  reach  of  the  bandit’s  teeth  and  claws.  To 
avoid  the  crafty  marten,  the  woodpeckers  select  a  branch  that 
will  not  bear  up  the  animal’s  weight,  and  the  glutton  may  lick 
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liis  lips  in  anticipation  of  the  sumptuous  feast  stowed  away  in 
the  hole,  so  nearly  within  his  reach,  yet  he  dare  not  venture  on 
the  treacherous  branch  to  steal  it. 

The  other  woodpeckers,  that  build  or  rather  bore  out  their 
nests  in  the  dead  and  decaying  trees  about  the  swamps,  need 
not  a  like  protection,  because  the  marten  is  seldom- — I  believe, 
I  may  say  never — seen  but  on  dry-timbered  land. 

When  the  young  birds  are  strong  enough  to  leave  the  hole, 
they  sit  on  the  branch  during  the  day,  and  are  then  continually 
fed  by  the  parents ;  returning,  however,  to  their  safe  retreat 
before  it  grows  dark.  Having  acquired  the  use  of  their  wings, 
they  separate  from  each  other,  and  it  is  a  rare  thing  to  see  two 
together,  either  young  or  old  birds,  after  the  nesting-time  has 
passed. 

If  we  quit  the  shadowy  forest  to  wander  over  the  grassy 
prairie-land,  alive  with  insects,  and  decked  with  flowers,  we 
shall  be  certain  to  see  the  red-shafted  flicker  (Colaptes  Mexica - 
nus).  Birds  belonging  to  the  genus  Golaptes  (Greek,  kolapto, 
to  excavate),  are  characterized  by  having  a  slighter  and  some¬ 
what  incurved  but  sharp-pointed  bill,  and  by  tarsi  and  feet 
less  powerfully  constructed  than  in  Pious.  I  scarcely  know  a 
more  beautifully-plumaged  woodpecker,  or  a  more  abundant  one, 
in  North-Western  America  than  is  the  red-shafted  flicker.  Its 
brown  back  is  banded  by  narrow  lines  of  black,  that  trans¬ 
versely  stripe  each  feather.  The  primaries  are  jet  black,  but 
the  shaft  of  each  feather  is  of  a  most  brilliant  scarlet ;  the 
secondaries  differ  only  from  these,  in  being  spotted  with  brown, 
on  the  lower  half.  The  under  surface  of  the  wing  is  also 
bright  scarlet,  like  the  shafts  of  the  feathers.  The  two  upper 
tail  feathers  are  entirely  black,  whereas  in  the  under  ones,  half 
the  feather-shaft  is  scarlet,  and  the  other  half  black  ;  the  under 
surface  of  the  tail  is  scarlet,  similar  to  the  wings.  Head  brown, 
neck  and  throat  ashy  grey,  marked  on  either  side  by  a  patch 
of  scarlet ;  the  breast  is  spotted,  like  that  of  our  English  thrush, 
and  divided  from  the  grey  of  the  throat  by  a  gorget  of  black 
feathers ;  rump  white,  tail  coverts  spotted,  and  banded  with 
black.  In  the  four  species  previously  described,  we  found  the 
bill  to  be  strong,  straight,  and  wedge-shaped,  and  that  it  was 
used  too,  as  an  instrument,  for  splitting  bark  and  gouging  out 
holes.  In  the  “  flicker/’  the  beak  retains  little  of  its  wedge-shape, 
but  is  altered  into  a  regular  pickaxe,  and  such  it  absolutely  is, 
and  nothing  else.  This  woodpecker  has  an  amiable  weakness  for 
ants,  but  still  more  for  their  new-laid  eggs.  The  flicker  cares 
not  a  single  jot  about  the  ant’s  proverbial  industry,  neither 
does  it  in  the  slightest  degree  respect  the  carefully- constructed 
mansions,  so  artistically  built  with  tiny  sticks,  although  the 
combined  labour  of  many  hundred  workers,  have  taken,  it  may 
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be,  years  to  erect  it.  With  its  powerful  pickaxe,  tlie  greedy 
bird  sends  tlie  building  materials  right  and  left,  and  soon 
exposes  the  egg-hoard,  and  then  feasts  right  royally,  taking  a 
fat  ant  now  and  then  by  way  of  a  make- weight.  Not  that 
beetles  come  amiss,  or  any  other  insect  which  by  chance  comes 
in  the  flickers  way,  when  it  is  hungry,  or  on  the  hunt  for  food. 
They  also  use  this  pickaxe  for  digging  out  their  nesting-holes. 
The  place  selected  for  the  nursery,  is  generally  in  the  dead 
trunk  of  a  standing1  tree,  where  the  wood  is  very  soft,  and 
■easily  excavated.  Both  male  and  female  work  at  this  laborious 
job,  and  seem  to  encourage  each  other  when  digging,  by  the 
utterance  of  a  quaint  sound,  not  unlike  a  hearty  laugh,  when 
tempered  down,  and  mellowed  by  distance.  I  have  taken, 
though  not  often,  eleven  eggs  from  the  hole,  occupied  by  a 
single  pair  of  flickers,”  but  six  is  about  the  average  number 
laid ;  the  colour  of  the  egg  is  pure  white.  Its  flight  is  strong, 
straight,  and  swift,  and  effected  with  little  of  the  undulating 
motion  common  to  woodpeckers  in  general ;  but  is  maintained 
by  numerous  flappings  of  the  wings,  broken  by  short  spells  of 
.sailing.  They  begin  to  arrive  from  southward  in  May,  and 
leave  again  about  the  middle  of  September.  I  believe  these 
birds  do  occasionally  eat  ripe  berries,  such  as  wild  raspberries, 
u  service-berries,”  and  strawberries,  but  I  am  not  disposed  to 
think  they  are  frugivorous,  or  have  any  great  love  for  a  vege¬ 
table  dietary. 

Frequenting  the  open  ground,  but  always  where  the  trees  grow 
in  clumps,  often,  alighting  on  the  ground,  and  in  their  general 
behaviour  closely  resembling  the  jays,  numbers  of  bright  showy 
birds  make  their  presence  known,  by  the  incessant  chattering 
they  indulge  in,  walking,  flying,  or  resting  on  the  branches,  it 
matters  not,  they  are  always  making  a  terrible  noise,  and  one 
is  puzzled  to  know  whether  the  sound  is  meant  for  laughing, 
crying,  singing,  scolding,  or,  if  the  birds  ever  indulge  in 
such  improprieties,  “  chaffing.”  The  gay  perpetrators  of  this 
incomprehensible  bird-jargon,  are  Lewises  woodpeckers  Mela - 
nerves  torquatus  (Greek  melas ,  black,  and  erpo,  to  creep).  These 
belong  to  a  sub-family,  the  Melanerpince,  the  distinguishing 
characteristics  of  which  would  prove  of  trifling  interest  to  the 
reader.  The  feathers  clothing  the  under  surface  of  this  bird, 
possess  a  marked  peculiarity,  and  resemble  bristles  much  more 
than  feathers.  The  fibres  of  these  feathers  are  much  longer 
than  is  usual,  and  stiff  like  very  thick  hair. 

Dr.  Baird  thus  describes*  this  peculiarity  of  feather.  Speak¬ 
ing  of  the  plumules  in  the  breast  feathers,  he  says,  “  Those 
on  the  terminal  third  of  each  feather  are  ol  the  usual  charac- 


#  “  Birds  of  America,”  p.  116. 
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ter  at  the  base,  or  provided  with  fibrillee,  those  of  the  opposite 
sides  interlocking  as  in  feathers  generally.  The  terminal  por- 
tion,  however,  of  the  stem  of  the  fibre  is  much  enlarged  and 
expanded  laterally  to  twice  or  more  the  diameter  at  the  rook, 
and  converted  into  quite  a  stiff  bristle,  nearly  smooth,  or  with 
very  slight  indications  in  places  of  the  fibrillse/' 

The  colours  of  this  hairy-looking  bird  are  also  somewhat 
strangely  blended.  The  back  is  glossy  bottle  green,  but  the 
breast,  lower  part  of  the  neck,  and  a  collar  that  goes  all  round 
it,  are  of  an  indescribable  grey  colour,  tinted  with  pink.  A 
blood-red  ring  encircles  the  base  of  the  bill,  and  the  greater 
part  of  the  head  is  dark  crimson.  Belly  a  lighter  shade  of  the 
same  colour,  streaked  with  white.  Wings  and  tail  bottle  green 
and  shiny  like  the  back.  The  female  in  plumage  differs  but 
very  little  from  the  male.  Length,  ten  and  three-quarter 
inches,  wing  six  and  a-half  inches. 

This  very  interesting  bird  appears  to  combine  the  habits 
of  the  u  flicker”  with  those  of  the  “  white-headed  woodpecker/1 
In  a  great  degree  arboreal,  and  sometimes  chiselling  off  the 
bark  to  hunt  for  insects,  after  the  manner  of  the  white- 
headed  woodpeckers ;  still  it  may  be  as  constantly  observed 
on  the  ground,  picking  insects  from  off  the  grass  and  flowers, 
and  rooting  out  the  ants  nests,  as  does  the  u  flicker/1  Its 
mode  of  flight  is  not  the  least  like  that  of  a  woodpecker,  but 
is  swift  and  straight,  and  when  alighting  on  a  branch,  for  it 
seldom  if  ever  pitches  against  a  tree,  the  feet  grasp  it,  and  the 
wings  close,  like  those  of  an  ordinary  percher ;  more  than  this, 
I  have  frequently  discovered  seeds  and  berries  mixed  with  in¬ 
sect  remains  in  their  stomachs.  All  this  goes  to  prove  that  in 
habit  at  any  rate  Lewises  woodpecker  (so  named  in  honour  of 
one  of  the  two  explorers  who  first  visited  these  remote  regions 
of  the  far  north-west.  Captains  Lewis  and  Clark),  closely  links 
the  jays  ( Gyanura )  with  Ficus  and  Cohiptes. 

They  nest  in  a  hole  excavated  in  the  stump  of  a  tree,  and 
here  again  they  differ  from  most  other  woodpeckers  ;  these 
birds  make  a  very  substantial  nest  of  grass  and  feathers  at  the 
bottom  of  the  capacious  chamber,  hollowed  out  for  its  recep¬ 
tion,  whereas  the  others  simply  deposit  their  eggs  on  the  bare 
wood,  or  at  best  only  on  the  dust,  accruing  from  gouging  out 
the  hole. 

Lewis's  woodpecker  lays  about  seven  eggs.  The  colour  of 
the  egg  is  pure  white  when  the  shell  is  emptied  of  its  contents, 
but  quite  pink  when  taken  from  the  nest.  The  entrance  hole 
is  never  larger  than  is  sufficient  to  barely  admit  the  bird, 
forming,  as  it  were,  a  narrow  tunnel,  that  leads  to  a  large 
globular-shaped  chamber.  Nothing  much  larger  than  a  mouse 
could  manage  to  squeeze  its  body  through  the  passage  j  hence 
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there  is  but  trifling  danger  of  robbery  from  predatory  mammals. 
At  least  a  small  basketful  of  chips  must  result  from  digging 
out  so  large  a  chamber,  but  what  becomes  of  them  is  somewhat 
mysterious.  I  would  defy  the  keenest  vision  to  detect  even  a 
single  bit  of  dust  under  or  near  to  the  hollowed  tree.  The  birds 
must  carry  the  chips  and  debris  away  and  hide  it — still  I  cannot 
say  that  I  have  ever  seen  them  so  employed — instinct  surely 
treading  very  closely  on  the  heels  of  reason,  methinks. 

Thus  far,  we  have  visited  the  open  timber,  the  detached 
clumps  of  trees,  and  the  “  dark  dismal  swamp/’  and  find  each 
locality  has  its  appropriate  woodpecker.  Did  time  and  space 
permit  it,  we  could  climb  the  craggy  hill  side  to  reach  the  fron¬ 
tier  dividing  life  from  icy  desolation,  where  we  should  find  the 
three-toed  woodpecker  (P.  arcticus)  busy  in  its  favourite  tree, 
the  Pinus  contort  a,  or  diving  into  the  very  heart  and  depths  of 
the  forest  to  scramble  through  rock-walled  ravines,  and  dark 
solitary  glens,  there,  also,  if  we  do  not  see,  we  shall  be  sure  to 
hear  the  rap,  rap,  rap,  rap,  and  noisy  laugh  of  the  log-cock 
(Hylatomus  pileatus).  Frightening  out  the  terror-stricken 
insects  from  their  snug  retreats,  with  the  noise  of  his  formid¬ 
able  hammer,  he  gobbles  them  up,  and  then,  so  one  would 
imagine,  laughs  loudly  at  the  success  of  his  ruse.  This  wood¬ 
pecker,  the  largest  of  all  the  north-western  species,  makes  a 
hammering  that  can  be  heard  distinctly  quite  a  half  a  mile 
away.  It  is  the  scarlet  plume  of  the  log-cock  the  Indians  so 
highly  prize  as  a  “  medicine”  or  charm. 

Go  where  you  will,  woodpeckers  are  sure  to  be  met  with, 
and,  as  the  harbingers  of  summer,  their  arrival  is  always  looked 
forward  to,  and  hailed  with  delight  by  the  lonely  hunter,  be 
he  white  or  red  man,  for  he  knows  when  the  woodpeckers 
make  their  appearance,  that  the  ice-king  has  unlocked  the 
crystal  doors  of  his  prison,  and  given  his  sceptre  to  the  god 
of  summer. 
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CONNEMARA. 

BY  GEORGE  S.  BRADY,,  M.R.C.S., 

Corresponding  Member  of  tbe  Zoological  Society  of  London. 

Among  the  many  interesting  corners  of  the  British  Islands, 
which  present  themselves  before  the  mental  vision  of  the 
naturalist,  when  he  is  cogitating  as  to  whither  he  shall  be¬ 
take  himself  for  his  next  holiday,  there  is  perhaps  scarcely  one 
that  combines  so  many  points  of  interest— botanical,  zoological, 
geological,  physical — as  that  western  district  of  the  county  of 
Galway,  called  Connemara.  And,  if  attractive  to  the  naturalist, 
it  is  scarcely  less  so  to  the  lover  of  the  picturesque ;  its  mo  untain 
scenery  being  wonderfully  wild  and  impressive.  I  propose, 
then,  in  the  following  pages,  to  give  some  account  of  my  own 
impressions  and  observations  during  two  short  excursions, 
devoted  to  the  zoology  and  botany  of  this  region. 

The  naturalist  bent  upon  the  discovery  of  new  species,  or 
new  habitats,  would  probably  do  better  to  turn  his  attention  to 
some  less  thoroughly  explored  portion  of  the  western  Irish 
coast ;  the  frequent  quotation  of  “  Connemara  ”  after  descrip¬ 
tions  of  species  in  scientific  works,  shows  that  the  district  has 
long  been  a  favourite  and  productive  collecting  ground,  so  that 
perhaps  the  chances  of  absolutely  new  species  turning  up  there, 
though  by  no  means  slender,  are  not  so  great  as  in  some  other 
places.  Much  of  our  knowledge  of  the  flora  and  fauna  of 
Connemara  is,  indeed,  due  to  the  explorations  of  the  late 
William  MfCalla,  an  enthusiastic  young*  naturalist,  resident  at 
Roundstone,  who  fell  a  victim  to  cholera  in  1849.  His  re¬ 
searches  were  rewarded  by  the  addition  of  many  species  to  the 
botany  and  zoology  of  the  British  Islands,  as  well  as  by  the 
discovery  of  not  a  few  forms  of  life  altogether  new  to  science. 
But  other  portions  of  the  western  coast  are  almost  entirely  un¬ 
known  to  naturalists.  Dr.  Perceval  Wright  says,  u  any  young* 
ardent  zoologist  will  still  find  plenty  of  work  to  do  among  the 
western  phocidae  and  fish,  and  almost  a  new  field  in  the  shell¬ 
less  molluscs,  annelids,  and  caelenterata,  of  Donegal,  Sligo, 
Mayo,  Clare  and  Kerry  A* 

Connemara  is  easily  reached  from  Westport  on  the  north, 
or  from  Galway  on  the  south.  The  latter  is  the  most  direct 
route  from  Dublin,  but  the  former  is  much  more  interesting,  as 
to  the  scenery  amongst  which  it  lies  ;  and  if  economy  of  time 
be  not  a  matter  of  very  great  importance,  it  is  worth  while  to 
make  the  circuit  by  Castlebar,  for  the  sake  of  the  car- drive 

*  Quarterly  Journal  of  Microscopical  Science,  July,  1865,  p.  213. 
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between  Westport  and  Clifden.  The  road  between  these  two 
places  passes  through  the  most  magnificent  mountain  scenery 
in  Ireland,  and;  for  part  of  the  distance;  close  by  the  shore  of 
the  Killery,  an  extraordinary  inlet  of  the  sea;  which  is  said  to 
bear  a  very  close  resemblance  to  a  Norwegian  fiord.  The 
Killery,  though  only  about  half  a  mile  in  breadth;  is  full  ten 
miles  long,  and  is  hemmed  in  by  mountains;  which  descend 
steeply  to  the  water’s  edge.  It  would  indeed  be  difficult  to 
imagine  it  other  than  a  fresh- water  lake,  were  it  not  for  the 
sea- weedy  smell  and  the  sight  of  seals  swimming  on  its  surface. 
Edward  Forbes  relates  that;  when  dredging  in  the  bay;  he 
and  his  companions  were  much  astonished  to  observe  that  the 
star-fishes  and  other  animals;  on  being  brought  to  the  sur¬ 
face;  seemed  to  be  seized  with  convulsions.  The  reason  of  this 
they  discovered  to  be  that  the  upper  stratum  of  water  was 
fresh ;  being  in  fact  the  rain  collected  from  the  surrounding 
mountains,  and  prevented  from  finding  free  access  to  the  sea; 
or  from  mixing  with  the  lower  strata  of  water  by  the 
contracted  character  of  the  basin.  Of  course  the  superficial  layer 
of  fresh  water  was  quite  sufficient  to  exercise  a  deadly  effect 
upon  creatures  so  sensitive  to  that  element  as  star-fish. 

If  botany  be  the  primary  object;  it  will  be  advisable  to  make 
Roundstone  our  head-quarters  for  two  or  three  days  at  least; 
and  for  a  much  longer  time;  if  devoted  to  zoology.  This  little 
village  is  situated  at  the  foot  of  the  mountain  Urrisbeg ;  it  con¬ 
sists  of  a  single  straggling  street;  which  runs  parallel  and  nearly 
close  to  the  shore  of  Roundstone  Bay,  a  narrow  creek  separated 
from  the  much  larger  Birterbuy  Bay  by  the  Island  of  Inishnee. 
There  is  a  comfortable  little  inn,  and  a  much  better  supply  of 
butcher-meat  than  is  often  to  be  met  with  in  more  accessible 
places  in  England.  We  had  provided  ourselves  with  a  supply 
of  Liebig’s  “  Extractum  Carnis 99  in  view  of  any  emergency; 
but  Mr.  Kelly;  our  host;  paid  good  attention  to  the  commissariat 
department;  so  that  we  were  not  driven  to  this  resource. 
There  is  a  Franciscan  Monastery  at  Roundstone;  the  principal 
use  of  which  is;  so  far  as  our  experience  goes;  to  supply  boats 
to  naturalists  who  want  to  dredge.  There  are  about  a  dozen 
monks;  who  employ  themselves  in  the  tillage  of  the  ground 
attached  to  the  monastery;  and  in  visiting  the  poor  of  the 
neighbourhood;  and  their  residence  has  the  aspect  of  being 
decidedly  the  snuggest  and  most  comfortable  place  thereabouts. 
There  are  no  public  cars  to  Roundstone;  but  it  is  easily  reached 
by  hiring  a  conveyance  from  Clifden.  The  plan  which  we 
adopted  on  our  last  visit;  was  to  go  by  the  Clifden  coach  from 
Galway  to  Canal  Bridge — the  point  of  the  road  nearest  to 
Roundstone — where  Mr.  Kelly’s  car  was  in  waiting  to  take  us 
up.  The  drive  from  Canal  Bridge  is  very  picturesque;  the 
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“  Twelve  Pins  ”  forming  a  magnificent  mountain  background, 
and  every  turn  of  the  road  bringing  into  view  some  new  fore¬ 
ground  combination  of  granite  boulders,  heather-clad  hill  side, 
moorland  lough,  or  mountain  torrent.  In  the  space  of  two  or 
three  miles  the  photographer  might  find  material  for  many  a 
beautiful  study,  of  a  kind  for  which  his  art  is  well  adapted. 
It  may  be  noted  that  the  roads,  even  in  the  wildest  districts, 
are  exceedingly  good,  though  the  traffic  over  them  is  so  small, 
as  often  to  call  to  mind  one  of  Dean  Ramsay’s  Scotch  ^Reminis¬ 
cences  99 — A  pedestrian  in  some  unfrequented  part  of  Scotland 
met  with  a  man  mending  the  road,  and  expressed  his  surmise 
that  there  must  be  very  few  travellers  over  it.  “  Eh,”  replied 
the  stonebreaker,  “  it’s  no  sae  ill  as  that ;  there  was  a  cadger 
body  alang  yestreen  and  there’s  yersel  the  day.” 

At  a  distance  of  five  or  six  miles  from  Chfden,  are  situated 
the  quarries  from  which  the  celebrated  green  marble  or  ser¬ 
pentine  is  chiefly  derived.  The  formation  in  which  this  rock 
occurs  is  said  by  Professor  Harkness  to  belong  to  the  lowest 
series  of  the  Silurian  system,  being  of  somewhat  later  date 
than  the  Laurentian  rocks  of  America.  Sir  Roderick  Murchi¬ 
son  practically  agrees  in  this  view,  but  considers  the  so-called 
Laurentian  rocks  (we  believe)  not  as  a  separate  system,  but  as 
the  base  of  the  Silurians.  The  relative  position  of  the  two 
formations  is,  however,  undisputed.  Whether  the  Eozoon 
canadense  has  formed  the  groundwork  of  the  Irish  as  well  as  of 
the  Canadian  serpentine  must  still  be  looked  upon  as  an  un¬ 
solved  problem.  The  published  evidence  would  lead  us  to 
believe  that  the  Irish  mineral  is  destitute  of  any  visible  organ¬ 
ized  structure,  but  we  are  inclined  to  believe  that  further 
investigation  may  reveal  the  existence  of  the  Eozoon  in 
a  greatly  altered  condition.  We  imagine  that  after  the 
admirably  lucid  drawings  and  descriptions  of  Dr.  Carpenter, 
which  appeared  some  months  ago  in  the  Intellectual  Ob¬ 
server,  and  taking  into  account  the  great  extent  and  accuracy 
of  his  labours  in  that  department  of  microscopical  investigation, 
few  will  be  disposed  to  accept  the  conclusions  of  Professors 
King  and  Rowney,  as  to  the  inorganic  nature  of  the  Canadian 
serpentine,  though  it  may  be  freely  admitted  that,  for  the  pre¬ 
sent,  the  organic  character  of  the  Connemara  marble  is  “  not 
proven.” 

I  he  drive  from  Oalway  to  Clifden  cannot  be  called  a  par¬ 
ticularly  interesting  one.  Eor  the  first  half  or  three-fourths  of 
the  distance.  Lough  Corrib  is  frequently  visible,  but  its  dreary 
shores  never  form  a  very  attractive  feature.  The  botanist  may 
picture  to  himself  the  rare  pond- weeds  which  inhabit  its  waters, 
but  will  find  more  gratification  in  keeping  his  eyes  open  for 
the  ferns  and  other  plants  which  deck  the  walls  and  banks 
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near  at  hand.  In  such  situations,  we  noticed  growing  luxuri¬ 
antly  ,  CeteracJi  offieinarum,  Asplenium  adiantum-nigrum,  and 
A.  ruta-muraria,  besides  others  of  more  familiar  aspect. 
Osmunda  regalis  is  common  throughout  the  district,  growing 
in  congenial  situations  to  quite  stately  proportions.  The 
tourist  from  the  northern  and  eastern  parts  of  England  can 
scarcely  fail  to  be  struck  with  the  free  growth  of  exotics,  such 
as  fuchsias  and  hydrangeas  in  common  cottage  gardens. 
These  plants  are  evidently  perfectly  hardy,  the  former  making 
wood  enough  even  to  form  hedgerows,  which  are  often  quite 
a-blaze  with  scarlet  bloom.  The  reason  of  this  may  be  found 
in  the  very  equable  climate  enjoyed  by  this  part  of  the  island, 
the  result  chiefly  of  the  warm  Gulf  Stream,  whose  waters  im¬ 
pinge  first  upon  the  south  and  west  shores  of  Ireland,  after 
their  passage  across  the  Atlantic. 

Among  the  botanical  rarities  of  Connemara,  the  most 
beautiful  and  conspicuous  are  its  heaths,  and  facile  princeps 
amongst  these  is  Menziezia  ( Dabcecia )  polifolia.  This  splen¬ 
did  plant  is  very  abundant  in  the  mountainous  districts,  more 
especially  on  the  hills  round  Kylemore  Lake,  where  its  showy 
spikes  of  crimson  bells  can  scarcely  fail  to  attract  the  atten¬ 
tion  even  of  the  passing  tourist.  There  is  also  a  white  variety, 
but  it  is  somewhat  rare.  In  the  vicinity  of  Roundstone,  Erica 
Mediterranea  and  E.  Mackaiana  are  to  be  met  with  pretty  plenti¬ 
fully,  but  they  inhabit  localities  of  somewhat  limited  extent* 
The  former  occurs  abundantly  on  the  sides  of  Glen  Iskay  on 
Urrisbeg,  a  mountain  which  rises  immediately  behind  Round- 
stone;  but  as  this  heath  flowers  in  April,  and  the  others  mostly 
from  -June  to  August,  the  collector  need  not  expect  to  enrich 
his  herbarium  with  flowering  specimens  of  all.  E.  Mackaiana 
grows  by  the  side  of  the  road  between  Olifden  and  Round- 
stone,  about  a  mile  from  the  latter  place.  It  forms  beautiful 
shrubby  patches,  which,  when  we  saw  them  in  August,  were 
covered  with  their  lovely  wax-like  bells.  Erica  vagans  is  also 
said  to  have  been  found  in  Connemara ;  but  of  this  we  cannot 
speak  from  personal  knowledge.  The  London  Pride  (Saxifraga 
■ umbrosa )  is  a  frequent  inhabitant  of  rocky  mountain  sides,  and 
in  similar  situations  the  dwarf  juniper  [Juniperus  nanus)  may 
often  be  met  with. 

The  partial  analogy  between  the  floras  of  Western  Ireland 
and  Spain  is  very  interesting,  and  led  Professor  Edward 
Forbes  to  infer  the  existence,  at  some  remote  period,  of  continu¬ 
ous  land  between  the  two  countries.  The  facts  on  which  this 
inference  was  based  are  slender,  but  it  is,  perhaps,  difficult  to 
give  a  more  satisfactory  explanation  of  them.  They  are  briefly 
as  follows: — Several  plants  grow  undoubtedly  wild  in  the 
West  of  Ireland,  which  are  not  met  with  in  any  other  locality 
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nearer  tlian  Spain  or  the  south-east  of  France ;  the  principal 
of  these  are  the  strawberry-tree  ( Arbutus  unedo).  which  is 
so  abundant  and  well-known  about  the  Lakes  of  Killarney,  the 
three  Connemara  heaths  ( Dabcecia  polifolia,  Erica  Mackaiana, 
and  E.  Mediterranea) ,  and  two  saxifrages  (8.  geum  and  S. 
mnbrosa),  but  the  last-named  species  is  probably  wild  also  in 
Yorkshire.  Two  other  plants ,  Naias  flexilis  and  Inula  sali- 
cina,  are  common  to  West  Ireland  and  Central  Europe,  and  two 
more  (Sisyrinchium  anceps  and  Eriocaulon  septangular e)  to 
West  Ireland  and  America,  but  the  latter  occurs  also  in  the 
Hebrides.  Epiranthes  gemmipara  appears  to  be  peculiar  to 
Ireland. 

A  glance  at  the  ordnance-maps  of  the  district  shows  an 
immense  number  of  lakes.  These  are  mostly  surrounded  by 
flat,  boggy  moorland,  and  have  little  or  nothing  to  relieve  them 
from  the  reproach  of  dreariness  and  unpicturesqueness,  except 
that  they  contain  numbers  of  small  islets,  which  support  occa¬ 
sionally  a  stunted  growth  of  wood,  thus  somewhat  relieving 
the  bleak  monotony  of  the  scene.  These  small  patches  are,  in 
fact,  almost  the  only  natural  wood  that  is  to  be  found  in  the 
west  of  Connemara.  The  rock  comes  so  near  the  surface  on 
the  hill  sides,  that  no  trees  could  find  a  resting-place ;  and  the 
country  is  so  swept  by  strong  west  winds,  that  those  planted  in 
more  sheltered  spots  seem  to  have  a  tremendous  “  struggle  for 
existence.”  The  one-sided  stretch  of  their  branches  tells  of  the 
fierce  Atlantic  gales  to  which  they  are  exposed.  The  lakes, 
however,  which  are  so  uninviting  to  the  artist  or  the  tourist  in 
search  of  the  picturesque,  are  full  of  interest  to  the  naturalist. 
In  almost  all  of  them  may  be  found  abundance  of  the  rare  and 
curious  Eriocaulon  sept  angular  e.  Lobelia  Eortmanna  is  also  of 
frequent  occurrence ;  IJtricularia  intermedia  and  U.  minor  are 
less  common,  as  also  Alisma  ranunculoides  and  A.  natans.  In 
a  small  lake  near  the  sea,  and  a  little  to  the  west  of  Round- 
stone,  occurs  Naias  flexilis,  first  noticed  by  Professor  Oliver  in 
1850.  Probably  a  persevering  search  in  some  of  the  many 
lakes  between  Roundstone  and  Clifden  would  disclose  its  exist¬ 
ence  in  other  parts  of  that  area.  The  sandy  ground  by  the 
sea- side  is  the  home  of  many  interesting  plants,  amongst  which 
we  may  just  briefly  note  Asperula  cynanchica ,  Eryngium  mari- 
timum ,  Raphanus  maritimus ,  Allium  Babingtonii}  Sedum  angli- 
cum ,  and  last,  not  least,  Arabis  ciliata ;  this,  however,  though 
not  far  from  the  sea- shore,  does  not  grow  on  the  sand,  but  in 
the  crevices  of  granite  boulders  about  a  mile  west  of  Round- 
stone.  To  find  it  will  probably  tax  the  patience  and  perseve¬ 
rance  of  the  botanist.  This  fragmentary  notice  of  the  flora  of 
Connemara  must  suffice  us.  We  now  turn  to  its  marine 
zoology.  But  before  entirely  leaving  terra  firma ,  we  may 
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recommend  the  naturalist  to  devote  an  hour  or  two  to  the 
ascent  of  [Jrrisbeg,  if  it  were  for  nothing  more  than  to  gaze 
upon  the  extraordinary  panorama  of  lake,  mountain,  sea,  and 
islet  visible  from  the  summit.  The  mountain  abuts  upon  an 
extensive  plain,  which  stretches  as  far  as  Clifden  on  the  north, 
the  Twelve  Pins  on  the  east,  and  is  bounded  by  the  sea  on  the 
west.  On  this  pefectly  flat  expanse,  measuring  some  six  miles 
by  eight,  is  scattered  a  group  of  lakes  (very  diminutive,  of 
course,  many  of  them  are)  which,  counted  on  the  ordnance- 
maps,  are  in  number  about  two  hundred  and  twenty  !  These 
are  all,  or  nearly  all,  visible  from  Urrisbeg ;  and  it  is  evident 
that  a  very  slight  depression  of  the  land  would  place  the  whole 
tract  once  more  under  the  sea.  Seaward  stretches  a  string  of 
islands  terminating  with  the  promontory  of  Slyne  Head;  to 
the  south-west  are  the  bays  of  Roundstone  and  Birterbuy 
winding  up  for  miles  into  the  mainland — and  islets  innumer¬ 
able,  of  unpronounceable  names.  Inland  the  view  is  bounded 
by  the  fine  mountain  range  of  the  “  Twelve  Pins/"’  which,  rising 
abruptly  from  the  plain  to  a  very  considerable  height,  adds  the 
element  of  grandeur  to  a  scene  otherwise  most  remarkable  and 
interesting. 

The  “  shore-hunting”  in  the  neighbourhood  of  Roundstone 
did  not  appear  to  us  particularly  rich ;  but  we  had  no  means  of 
getting  information  as  to  the  best  patches  of  rock  for  the 
purpose,  and  a  stay  of  a  few  days  is  not  nearly  sufficient  to 
investigate  for  one’s  self,  seeing  that  only  about  a  couple  of 
hours  of  low -tide  are  available  each  day  for  the  search.  It  is 
quite  likely,  therefore,  that  a  more  thorough  acquaintance  with 
the  locality  might  much  modify  our  impressions.  The  sandy 
beaches  strike  the  eye  at  once  with  their  unusual  whiteness. 
An  evening’s  walk  to  one  of  these — Grorteen  Bay,  a  little  to 
the  west  of  Roundstone — revealed  to  us  that  the  beach  itself 
was  almost  entirely  composed  of  broken-up  and  bleached 
marine  organisms,  of  which  foraminifera  formed  a  very  large 
percentage ;  but  along  with  these,  the  microscope  reveals 
many  other  things — valves  of  entomostraca,  spines  of  echini 
and  star-fishes,  sponge-spicules,  corals,  and  the  like.  Near 
high-water  mark  on  this  beach,  where  an  abrupt  ridge  about  a 
foot  in  height  had  allowed  the  lighter  wind-swept  particles  to 
accumulate  under  its  lee,  we  gathered  great  quantities  of  the 
“  shell-sand,”  which  is  almost  entirely  free  from  unorganized 
material.  It  may  be  interesting  to  note  the  species  of  ostra- 
coda  contained  in  this  gathering.  They  are  as  follows  :  — - 
Cythere  aurantia  (Baird),  G.  subulata  (Brady, M.  S.) ,  C.  angustata 
(Munster),  C.  emaciata  (Brady,  M.  S.),  0.  arena  (Norman), 
G.  Icevata  (Norman),  G.  cellulosa  (Norman),  C.  variabilis 
(Baird),  G .  viridis  (Muller),  C.  contorta  (Norman),  G.  convexa 
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(Baird) ,  C.  impressa  (Baird) ,  C.  pellucida  (Baird),  C.  infiata 
(Norman),  C .  placentula  (Brady),  0.  scaphoides  (Brady,  M.  S.), 
C.  globulifera  (Brady,  M.  S.),  0.  latissima  (Norman),  C.  dedivis 
(Norman),  C.  nigrescens  (Baird),  C.  mutabilis  (Brady,  M.  S.), 
Cythereis  antiquata  (Baird),  and  C.  Jonesii  (Baird),  besides 
other  species  not  yet  determined.  Some  idea  of  the  wonderful 
richness  of  the  sand  may  be  gained  when  we  remember  that 
Dr.  Baird^s  work  on  the  British  entomostraca  enumerates  only 
nineteen  species  of  marine  ostracoda,  while  the  number  here- 
named  as  occurring  in  the  Roundstone  sand  is  twenty-three. 
The  entomostraca,  however,  are  but  few  compared  with  the 
foraminifera,  which  constitute  the  chief  bulk  of  the  sand.  Of 
these.  Dr.  Alcock  has  found  no  less  than  sixty-four  species, 
which  are  recorded  in  the  “  Proceedings  of  the  Manchester 
Literary  and  Philosophical  Society,”  vol.  iv.,  p.  205. 

Our  stone-turning  did  not  yield  us  much.  An  uncouth 
and  ugly  crab  (Xantho  Jiorida)  was  abundant.  Doris  tuber - 
culata. ,  D.  repanda,  and  some  very  fine  specimens  of  Fissurella 
reticulata  were  the  most  noticeable  things  that  occurred  to  us 
amongst  mollusca,  but  these  did  not  form  a  special  object  of 
search,  Crustacea,  echinodermata  and  sponges  being  to  us 
the  chief  attraction.  The  latter  are  represented  on  this  coast 
by  several  fine  species,  amongst  which  we  may  specially  name 
Tethea  lyncurium ,  which  is  by  no  means  abundant,  but  occurs 
somewhat  sparingly  in  many  localities.  Connemara  is,  how¬ 
ever,  its  only  British  habitat,  unless  we  include  the  Channel 
Islands  (Herm),  where  we  found  it  in  1862. 

The  best  dredging-ground  in  the  Connemara  district  is 
probably  Birterbuy  Bay,  which  has  the  merit  of  being  easily 
accessible  from  Roundstone,  and  of  being  tolerably  well  shel¬ 
tered,  so  that,  except  in  very  foul  weather,  there  is  no  difficulty 
in  working  it.  The  Bay  of  Roundstone  itself  is  too  shallow  to 
be  of  much  use  to  the  dredger.  The  bottom  is  in  many  places 
covered  with  astonishing  quantities  of  nullipore  (Melobesia 
calcarea),  with  which  the  dredge  completely  fills  itself  in  a 
very  short  time,  and  amongst  this  a  handsome  swimming  crab 
( Portunus  corrugatus )  lives  in  considerable  numbers.  On  the 
fronds  of  the  nullipore  the  pocket-lens  will  also  discover 
numerous  adherent  foraminifera,  a  class  of  organisms  which 
one  does  not  often  get  the  chance  of  studying  in  their  natural 
habitat.  Their  varied  hues  of  green  and  brown,  when  seen 
thus  living  and  filled  with  sarcode,  give  these  animals  an 
appearance  very  different  from  that  of  the  bleached  shells 
which  mostly  do  duty  in  microscopic  collections.  Besides  the 
nullipore  first  mentioned,  Roundstone  Bay  produces  another 
very  extraordinary  species  (M.  agariciformis) ,  which  grows  in 
the  form  of  a  hollow,  corrugated,  or  lichenoid  ball,  lying  free 
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upon  the  bottom  in  about  two  or  three  fathoms  water.  This, 
however,  we  were  not  fortunate  enough  to  find ;  but  the  rare 
cladophoras  (C.  Budolphiana  and  rectangularis)  are  common 
enough.  The  existence  of  many  other  wonderful  algas  found 
here  by  Mr.  M‘Calla  we  had  to  take  for  granted,  not  having 
time  to  devote  to  a  search  for  them.  Amongst  these  we  may 
specially  mention  Godium  amphibium  and  Callithamnion  tria- 
pinnatum,  both  of  them  treasures,  the  sight  of  which  would 
have  gladdened  our  eyes. 

Running  round  the  seaward  point  of  Inishnee,  where  wTe 
usually  feel  something  of  tfi.e  force  of  the  Atlantic  waves,  we 
are  soon  in  the  comparative  shelter  of  Birterbuy  Bay ;  here  we 
may  put  down  the  dredge  in  good  earnest,  and  if  it  be  our  first 
scrape,  wait  in  a  state  of  delicious  excitement  for  the  result. 
Our  first  haul  produced  a  splendid  lot  of  sponges — things  quite 
new  to  us,  and  glowing  with  varied  colouring  of  yellow,  red, 
and  brown.  But  besides  these  there  was  a  fine  specimen  of  the 
splendid  star-fish,  Uraster  glacialis,  a  species  which  yields  to 
none  in  richness  of  colouring  and  beauty  of  aspect  when  living, 
but  which  is,  unfortunately,  most  difficult  to  preserve  well, 
either  as  to  form  or  colour.  One  magnificent  specimen  of  this 
uraster  we  found  to  measure  thirty  inches  in  diameter  from  tip 
to  tip  of  the  rays.  This,  however,  was  the  only  noteworthy 
•star-fish  which  occurred  to  us,  though  the  dredge  often  came  up 
loaded  with  commoner  species,  such  as  Ophiocoma  nigra  and 
rosula.  A  fragment  of  a  ray  of  Luidia  once  came  up,  but 
this  was  the  only  indication  of  the  presence  of  that  beautiful 
species.  Of  sea-urchins  we  took  only  Echinus  esculentus ,  E. 
miliaris  and  Echmocyamus  pusillus ,  concerning  which  last,  it 
may  be  noted  that  it  is  not,  when  living,  “  pea-green,”  as  de¬ 
scribed  by  Forbes,  but  grey,  changing  to  green  on  exposure  to 
the  air,  or  after  immersion  in  spirit.  We  need  scarcely  pause  to 
enumerate  the  various  Crustacea,  mollusca,  etc.,  dredged 
in  Birterbuy  Bay ;  they  are  mostly  well  enough  known. 
Amongst  the  most  interesting  of  the  former  class,  we  may  men¬ 
tion  in  passing,  Atelecyclus  heterodon ,  Portunus  arcuatus  and 
Xantho  rivulosa.  We  were  fortunate  enough  to  obtain  one  dead 
specimen  of  the  rare  and  beautiful  shell,  Tellina  balaustina. 
We  were,  however,  unsuccessful  in  our  endeavours  to  secure 
living  specimens  from  the  fine  colony  of  Akerct  bullata  dis¬ 
covered  by  Dr.  Farran,  though  we  spent  a  good  deal  of  time  m 
trying  to  hit  the  right  spot.  For  the  benefit  of  future 
-explorers  we  transcribe  an  extract  from  Dr.  FarraAs  account 
ef  his  discovery*  : — 

(c  Running  down  Birterbuy  Bay  until  we  opened  on  Round- 

*  Abridged  from  Natural  History  Review,  vol.  iv.,  1857  (Proceedings 
of  Societies),  p.  75. 
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stone,  and  altering  our  course,  we  got  under  shelter  of  the 
high-land  of  Inishnee.  Haying  proceeded  a  considerable 
distance  up  this  creek,  we  found  water  as  still  as  a  mill-pond, 
although  a  storm  was  raging  above  us,  and  as  our  speed  was 
slackened,  I  thought  I  might  as  well  try  the  dredge,  and 
accordingly  threw  it  overboard,  and  had  it  under  weigh  for 
two  or  three  hundred  yards,  when  we  found  ourselves  fixed  be¬ 
tween  two  ledges  of  rock,  and  embedded  in  a  sludge  of  mud 
and  decayed  or  decomposed  nullipore.  Having  ascertained 
that  no  damage  was  done  to  the  vessel,  my  first  care  was  to 
have  the  dredge  brought  on  board,  and  my  surprise  was 
great,  when  fifteen  egg-like  substances,  and  fully  as  large,, 
rolled  on  the  deck ;  the  resemblance  to  duck-eggs,  mottled 
with  brown  and  purple  spots,  as  if  incubated  for  some  time, 
was  most  striking.  At  first  sight  I  took  them  for  some  un de¬ 
scribed  species  of  doris,  but  on  keeping  one  of  them  in  my 
hand,  I  found  that  it  gradually  elongated  and  exposed  the 
apex  of  the  spire,  but  of  such  size  that  I  entertained  doubts  as 
to  its  identity  with  akera.  The  measurement  of  the  largest 
when  first  taken  was  as  follows : — three  inches  in  length, 
and  two  and  a  half  in  diameter,  and  the  weight,  when  we 
reached  Roundstone,  one  and  a  half  to  two  and  a  half  ounces. 
....  The  men  having  extricated  the  vessel  from  her  un¬ 
pleasant  position,  I  prevailed  on  them  to  make  several  tacks 
in  hopes  of  securing  more  specimens  of  this  prize.  This  they 
did,  but  without  success,  having  kept  close  to,  but  outside,  the 
rock,  the  water  shoaling  and  the  tide  receding,  preventing  us 
from  keeping  in  our  first  course.  Finding  our  efforts  vain,  and 
the  wind  lulling,  we  took  the  opportunity  and  returned  safely 
to  Roundstone.  On  giving  the  matter  further  consideration  I 
came  to  the  conclusion  that  the  akera  lived  here  in  shallow 
water,  for  I  had  not  more  than  two  fathoms  of  rope  when  I 
first  threw  out  the  dredge.  I  reflected  that  whatever  power 
the  wind  exercised,  blowing  as  it  did  from  the  land,  assisted  by 
the  receding  of  the  tide,  tended  to  drive  the  vessel  from  the 
shore  ;  consequently  when  we  reached  the  r-ock,  we  were  con¬ 
siderably  outside  the  line  where  Akera  bullata  lived . 

Having  this  conviction  in  my  mind,  the  next  day  I  procured  a 
boat  carrying  a  small  lug  sail,  and  drawing  less  than  eighteen 
inches  of  water,  and  steering  to  the  ground,  I  had  the  satis¬ 
faction  to  find  that  my  calculation  was  correct ;  for  on  dredging 
over  the  ground  laid  down  in  my  mind's  eye,  within  the  rock, 
and  closer  to  the  shore,  the  tide  being  full  in,  I  obtained  as 
many  of  those  magnificent  specimens  as  I  desired."  This 
account  is  very  interesting,  as  exemplifying  the  exceedingly 
partial  distribution  of  species,  it  being  quite  a  common  occurrence 
to  take  a  large  number  of  a  species  in  one  haul  of  the  dredge 
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and  to  fail  in  every  subsequent  attempt,  apparently  on  precisely 
the  same  spot.  Possibly  by  paying  particular  attention  to  the 
description  of  the  locality  in  which  Dr.  Farran  found  these 
gigantic  specimens  of  akera,  some  future  dredger  may  be  more 
fortunate  than  ourselves.  The  tide  was  low  when  we  were  on 
the  spot,  and  time  did  not  allow  of  a  second  attempt. 

The  islands  of  Arran  deserve  a  few  words  of  notice  before 
closing  this  brief  sketch.  They  are  easily  reached  either  from 
Galway  or  Roundstone,  being  about  equally  distant  from  both 
places,  and  in  fine  weather  the  sail  down  Galway  Bay,  or 
amongst  the  islets  lying  off  the  western  coast,  is  very  delight** 
ful.  Arranmore,  the  largest  of  the  group  called  the  Isles  of 
Arran,  must  be  an  interesting  spot  either  to  the  naturalist  or 
the  casual  visitor.  In  the  one  cas.e  the  richness  of  its  fauna 
and  flora,  and  the  peculiarities  of  its  physical  aspect ;  in  the 
other,  the  curious  customs  of  the  islanders,  now  fast  fading; 
away  before  a  freer  intercourse  with  their  neighbours,  form 
subjects  for  study  none  the  less  instructive  and  amusing  for 
being  so  close  to  our  own  doors.  Of  the  marine  zoology  of 
the  island  we  have  nothing  to  say,  as  the  weather  became 
stormy  during  our  brief  visit,  and  thus  put  a  stop  to  dredging. 

Our  first  care  on  landing  was  to  refresh  the  inner  man  at 
the  Atlantic  Hotel  (do  us  not  the  injustice,  kind  reader,  of 
supposing  that  our  thirty  miles'  voyage  had  produced  a  vacuum 
in  the  gastric  region)  ;  this  done,  we  turned  out  for  a  stroll 
along  the  beach,  with  the  special  object  of  securing  a  few  roots 
of  the  maideff  s-hair  and  sea  spleenwort.  The  seaward  face  of 
the  island  is  made  up  of  a  succession  of  limestone  cliffs,  sepa¬ 
rated  from  each  other  by  intervening  terraces  of  quite  bare, 
horizontally- stratified  limestone.  On  the  promontory  which 
supports  the  lighthouse  a  series  of  about  thirteen  of  these 
steps  may  be  counted,  beginning  at  the  present  sea  level  and 
continuing  up  to  the  summit  of  the  hill.  Whether  the  terraces 
may  be  really  “  raised  beaches,”  I  cannot  pretend  to  say,  but  - 
at  a  distance  they  have,  to  the  eye,  precisely  that  appearance  p 
they  are  of  considerable  extent,  probably,  often  one  or  two 
hundred  yards  in  width,  nearly  as  flat  as  a  street  pavement, 
and  split  with  innumerable  vertical  fissures,  mostly  from  two 
to  four  feet  deep,  and  from  three  to  twelve  inches  wide.  In 
these  fissures,  protected  from  the  wind,  and  warmed  by  the 
radiation  of  heat  from  the  surrounding  limestone,  many  species 
of  wild  plants  grow  with  astonishing  luxuriance  ;  Asplenium 
marinum ,  and  Adiantum  capillus -veneris ,  especially  attain  a 
gigantic  size,  and  of  both  of  them  we  obtained  noble  plants, 
with  fronds  nearly  two  feet  in  length.  In  company  with  these 
grew  also  with  like  luxuriance  Eupatorium  cannabinum ,  Gera¬ 
nium  rob  ertianum  and  sanguineum ,  Iiubia  peregrina}  etc.  But 
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though  the  Adiantum  growing  in  the  perpendicular  fissures 
just  mentioned  is  so  splendid  in  point  of  size,  its  real  beauty  is 
much  greater  when  clothing  a  shallow  horizontal  fissure  in  the 
face  of  a  perpendicular  cliff.  In  such  situations  it  fills  the 
cavity,  perhaps  yards  in  length,  with  an  unbroken  mass  of 
indescribably  lovely  green ;  a  sight,  indeed,  which  it  is  worth 
a  journey  to  see.  Long  may  the  cliffs  of  Arranmore  remain 
unmolested  by  the  profane  hands  of  nurserymen. 

Amongst  many  interesting  plants  observed  on  the  island 
within  a  short  distance  of  the  little  village  of  Kilronan 
were  the  following  : — Crithmum  maritimum ,  Orobanche  hederce, 
Galium  pusillum ,  Arabis  ciliata,  Beta  maritima,  Amaranthus 
blitum,  Hypericum  androscemum,  Verbascum  thapsus. 

A  curious  custom,  seemingly  now  almost  extinct,  amongst 
the  islanders  of  Arran,  is  the  erection  on  the  roadsides  of  monu¬ 
ments  to  the  memory  of  the  dead.  These  are  all  formed  on 
one  pattern,  and  consist  of  a  square  column,  about  eight  feet 
high  (speaking  from  memory),  built  up  of  the  laminated  lime¬ 
stone  of  the  district.  Into  one  side  of  the  column  are  cemented 
two  tablets,  the  upper  of  which  bears  an  inscription,  such  as 
the  following  :  “  Lord  have  mercy  on  the  soul  of  Denis 

Flaherty,  who  died  September  8,  1834,  aged  54  years •”  the 
lower  sets  forth  the  names  of  those  who  erected  the  pillar, 
thus  :  This  monument  was  erected  by  his  brother  Ambrose, 
and  his  sons  Patrick  and  John.”  The  latest  date  which  we 
observed  on  any  of  these  memorial  pillars  was  1840,  and  wre 
were  told  that  they  are  now  seldom  or  never  erected. 
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THE  WAXWING,  THE  PINE  GROSBEAK,  AND  THE 

CROSSBILLS. 

BY  cc  THE  OLD  BUSHMAN.” 

These  three  birds,  denizens  of  the  far  north,  are  rarely  seen 
in  a  state  of  nature  by  the  British  naturalist ;  but,  when  once 
seen,  are  easily  known,  for  two  of  them  can  perhaps  lay  claim 
to  being  the  most  beautiful  birds  in  the  European  fauna; 
while  the  singular  conformation  of  the  bill  in  the  third  has 
been  regarded  as  an  unfortunate  monstrosity  by  those  natu¬ 
ralists  who  would  not  give  themselves  leisure  to  reflect  that 
the  awl-shaped  beak  of  the  humming-bird,  the  thick,  un¬ 
wieldy  bill  of  the  toucan,  and  the  beautiful  mechanism  of  the 
mandibles  of  the  crossbill,  are  all  peculiarly  adapted  to  the 
habits  of  their  possessors,  and  were  all  planned  by  that  Great 
Workman  who  has  never  yet  been  known  to  make  a  mistake. 
It  is  natural,  therefore,  that  the  young  ornithologist  should 
wish  to  know  something  of  the  habits  of  three  birds  whose 
very  variety  renders  them  interesting,  and  respecting  which 
mysteries  but  lately  cleared  up  have  so  long  existed.  And  as, 
during  a  long  residence  in  the  north  of  Europe,  all  three  have 
been  my  familiar  companions,  and  as  my  remarks  are  the 
result  of  personal  observation,  I  venture  to  lay  them  before 
the  readers  of  this  journal. 

We  will  •begin  with  the  waxwing,  or,  as  it  is  sometimes 
very  erroneously  called,  the  Bohemian  chatterer.  I  consider 
the  name  “  waxwing  ”  as  well  applied ;  but  what  right  or 
title  it  has  to  the  names  either  of  c:  Bohemian  ”  or  “  chatterer,” 
I  cannot  guess,  for  it  does  not  appear  to  be  peculiarly  a  native 
of  Bohemia  any  more  than  of  Britain ;  and  it  is  one  of  the 
quietest  birds  I  know,  never  uttering  a  sound  save  a  low, 
hissing  twitter,  and  even  this  is  seldom  heard,  except  when  a 
flock  of  them  sweep  down  in  winter  on  to  the  top  of  a  moun¬ 
tain-ash  tree.  In  the  summer,  or  in  confinement,  they  rarely 
utter  a  single  note.  The  beautiful  silken  appearance  of  the 
light  reddish-grey  body-plumage,  the  splendid  wings,  and, 
above  all,  the  peculiar  wax-like  appendages  on  the  ends  of  the 
shafts  of  the  secondaries,  render  the  waxwing  a  very  con¬ 
spicuous  bird ;  and  although  there  may  be  many  others  with 
more  strikingly  gaudy  plumage,  I  much  doubt,  take  it  alto¬ 
gether,  whether  there  is  any  European  bird  in  which  the 
colours  are  more  beautifully  arranged  than  in  this.  Rather 
less  than  the  starling,  which  in  its  flight  it  much  resembles, 
the  waxwing  is  a  tame,  familiar  bird,  exceedingly  voracious; 
and  although  a  common  cage-bird  in  Swedeu,  it  has  little  to 
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recommend  it,  for  the  plumage  soon  becomes  soiled  and  dirtied 
in  the  cage,  and  the  bird  has  not  a  single  note  of  a  song.  The 
breeding-home  of  the  waxwing  is  within  the  Polar  Circle,  and 
I  do  not  believe  any  truly  authentic  nest  has  been  procured 
farther  south  than  the  one  which  I  brought  down  from 
Quickiock,  in  Lulea-Lapland,  in  about  lat.  67°  20"  N.,  in  1862. 
The  breeding  habits,  as  well  as  the  breeding  localities,  of  the 
waxwing  were  long  a  mystery ;  and  I  believe  the  first  really 
authentic  nest  sent  to  England  was  taken  by  some  Laps,  and 
sold  to  the  late  Mr.  vVoolly  in  1855.  This  contained  five  eggs, 
two  of  which  were  sold  by  auction  in  London  for  £5  and 
£5  10s.  I  had  the  egg  in  my  collection  as  long  back  as  1848, 
but  as  it  was  not  authenticated,  I  placed  but  little  value  on  it. 
Upon  comparing  it  afterwards,  however,  with  the  genuine  egg 
which  I  brought  down  from  Quickiock,  I  found  it  was  to  be 
depended  on.  Since  then  the  nest  has  been  taken  in  many 
places,  both  in  Lapland  and  Finland — principally,  however, 
in  Finland  ;  always,  as  far  as  I  can  hear,  within  the  Polar 
Circle,  and  the  egg  of  the  waxwing  is  no  longer  a  rarity.  As, 
however,  many  collectors  have  never  seen  the  nest  and  egg  of 
this  bird,  a  short  description,  from  that  in  my  collection,  may 
not  be  uninteresting.  The  nest  is  large,  and  clumsily-built  of 
reindeer  moss  and  small  dead  fir-twigs,  mixed  plentifully  with 
the  Usnea  Barb  at  a,  a  dark,  coarse  kind  of  lichen  which  grows 
commonly  on  all  the  fir-trees  in  the  Lap  forests,  and  lined 
with  a  few  fibres  of  dead  grass.  The  eggs,  five  or  six,  nearly 
as  large  as  those  of  the  common  bunting,  but  shorter;  ground 
colour  pale  bluish  white,  thickly  speckled  all  over  with 
purple,  black,  and  brown  spots,  leaving  the  ground  colour  of 
the  egg  very  visible.  They  go  to  nest  early  in  June,  and  at 
this  season  the  birds  are  exceedingly  shy  and  still,  so  it  is 
very  difficult  to  discover  the  locality ;  and  the  old  female  flies 
like  an  arrow  off  the  nest  as  soon  as  she  hears  any  one  ap¬ 
proach,  and  does  not  return  for  a  length  of  time.  The  nest  is 
placed  either  in  a  fir,  pine,  or  birch,  never  very  high  from  the 
ground ;  and  although  when  one  nest  is  found,  others  are 
pretty  sure  to  be  at  no  very  great  distance ;  the  waxwing  can 
hardly  be  called  gregarious  in  its  breeding  habits. 

It  is  hard  to  distinguish  the  male  from  the  female  by  the 
plumage,  except  that  the  colours  in  the  male  are  always  bolder 
and  clearer.  Old  Aldrovandus  says  that  the  female  has  twelve- 
tail  feathers — the  male  only  ten.  I  have  examined  many  un¬ 
doubted  males,  and  all  had  twelve  tail  feathers;  and  the  only 
female  which.  I  was  certain  of  (for  I  proved  her  by  dissection) 
had  only  ten,  but  this  might  have  been  accident.  It  will  be  a 
most  curious  as  well  as  interesting  fact,  if  future  examination 
should  prove  this  difference  to  be  constant. 
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The  breeding  range  of  the  waxwing  extends,  probably, 
much  to  the  east  of  the  Tornea  River,  perhaps  into  Siberia. 
The  bird  is,  however,  hardly  known  np  at  the  North  Cape  ; 
and  I  never  saw  one  in  the  middle  of  Sweden  after  April. 
About  the  very  end  of  October,  or  beginning  of  November,, 
large  flocks  come  down  from  their  northern  breeding  haunts 
into  the  middle  of  Sweden ;  whether  driven  down  by  the  in¬ 
clemency  of  the  weather,  whether  in  search  of  food,  or  from 
what  other  cause,  we  have  no  means  of  guessing.  I  may  add 
that  these  winter  migrations  appear,  however,  to  be  as  un¬ 
certain  as  the  summer  migrations ;  for  the  birds  do  not  always 
in  the  same  years  breed  in  the  same  tracts,  nor  do  they  come 
down  from  the  north  in  the  same  quantities  in  every  year.  In 
many  years,  when  we  have  plenty  of  mountain-ash  berries,  we 
see  few,  if  any,  waxwings  ;  and  in  others,  when  scarcely  a 
rowan-tree  has  fruit,  we  see  plenty  feeding  on  the  juniper- 
bushes.  It  is  not  altogether  either  the  severe  weather  that 
drives  them  down,  because  often  in  a  very  severe  winter  we 
see  no  waxwings.  But  one  thing  I  have  remarked — the  ap¬ 
pearance  of  the  first  flock  of  waxwings  in  the  middle  of 
Sweden  always  heralds  in  the  first  deep  fall  of  snow.  It  is 
certain,  that  of  late  years  their  numbers  have  much  decreased. 
I  have  not  seen  any  really  large  flocks  since  1  850,  when  they 
came  down  to  us  in  such  quantities  that  I  killed  as  many  as 
twenty-seven  out  of  the  same  flock  at  one  shot.  Since  that 
year,  they  have  not  appeared  in  any  quantities ;  and  as  the 
same  remark  applies  to  the  fieldfares,  redwings,  and  all  other 
of  our  autumnal  migrants,  which  are  shot  and  sold  for  the 
market,  and  go  here  by  the  name  of  “  Kramsfogel/'’  I  think 
the  diminution  of  their  numbers  may  be  attributed  to  the  in¬ 
crease  of  “  pop-shooters  for  where  one  boy  carried  a  gun 
fifty  years  ago,  twenty  do  now,  and  the  birds  are  cleared  off 
at  every  resting  place  on  their  road,  down  from  the  north.  I 
never,  however,  could  rightly  make  out  what  became  of  all  the 
large  flocks  which  used  to  come  down  into  the  middle  of 
Sweden  every  autumn.  Very  few  were  ever  met  with,  com¬ 
paratively  speaking,  in  the  south  of  Sweden ;  and  we  all  know 
the  waxwing  is  only  a  very  occasional  visitant  to  Britain ;  yet,, 
although  we  used  to  kill  hundreds  here,  still  hundreds  passed 
on,  but  which  direction  they  took  on  leaving  us  we  could  not 
confidently  say,  but  we  always  supposed  south,  because,  when¬ 
ever  they  were  numerous,  with  us,  we  used  to  hear  of  large 
flocks  in  every  other  part  of  the  country,  both  to  the  east  and 
west;  and  yet,  whenever  they  returned  in  the  spring,  it  was 
only  as  stragglers,  or  in  very  small  flocks,  probably  containing 
not  one  in  a  hundred  of  those  we  saw  on  their  way  down. 
Although  they  can  also  feed  on  the  juniper,  as  well  as  pro- 
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bably  on  many  other  berries,  and  in  the  spring  even  on  the 
new  rye ;  as  long  as  the  mountain-ash  berries  last  these  appear 
to  form  the  principal  food  of  the  waxwing  in  autumn  ;  and,  as 
they  travel  down  the  country,  they  strip  the  trees  bare.  This 
is  always  done  before  Christmas,  and  we  see  no  more  of  the 
birds  again  till  about  the  end  of  March  or  April,  on  their 
return  to  their  northern  breeding  haunts.  What  becomes  of 
them  during  this  period  I  could  never  make  out. 

In  the  summer,  I  fancy,  the  waxwing  is  purely  insecti¬ 
vorous.  In  the  cage  they  wall  eat  many  berries,  and  are  very 
fond  of  bread  soaked  in  milk ;  but  they  are  very  apt  to  die  of  fat, 
and  they  must  be  kept  in  a  cold  room.  However,  as  Bechstein 
says,  nothing  but  its  scarcity  and  beauty  can  render  the  pos¬ 
session  of  the  waxwing  desirable,  for  it  is  a  dirty,  stupid,  lazy 
bird.  It  is  singular  that,  out  of  the  many  hundreds  which  I 
have  shot,  I  never  by  any  chance  fell  in  even  with  a  stray 
example  of  the  cedar-bird  (Amjoelis  Americana) ,  which  repre¬ 
sents  our  waxwing  in  America.  This  latter  bird  may  at  once 
be  distinguished  from  the  European  waxwing  by  its  smaller 
size,  and  the  total  absence  of  white  or  yellow  on  the  wings, 
which  are  of  an  uniform  slate  colour.  Of  late  years  the 
European  waxwing  has  been  discovered  near  the  Bocky  Moun¬ 
tains,  in  America ;  and  as  it  has  also  been  killed  in  Japan 
(which  latter  country,  however,  owns  a  third  species  which  has 
no  wax-like  appendages  on  the  wings),  our  European  waxwing 
will  be  seen  to  have  a  very  wide  geographical  range. 

Although,  perhaps,  the  plumage  is  not  altogether  so 
brilliant,  there  is  little  to  choose  between  a  fine  old  deep  red 
male  grosbeak  and  an  old  waxwing.  In  fact,  without  being 
so  varied,  I  fancy  the  body  colour  of  the  pine  grosbeak  the 
richer  of  the  two.  The  pine  grosbeak  is  another  bird  whose 
peculiar  breeding-home  in  Europe  is  within  the  Arctic  Circle  ; 
and,  although  I  met  with  them  breeding  much  more  commonly 
at  Quickiock  than  the  waxwing,  I  do  not  believe  that  the  nest 
has  ever  been  taken  farther  south.  This  is  another  of  those 
northern  birds  which  in  winter  migrate  from  .  their  breeding- 
places  in  the  far  north,  and  at  this  season  they  are  occasionally 
seen  even  in  Britain.  These  migrations  do  not,  however, 
appear  to  be  nearly  so  regular  as  those  of  the  waxwing,  nor 
do  the  birds  ever  appear  in  such  flocks.  I  fancy  that  some 
remain  in  Lapland  all  the  year,  which  I  do  not  believe  is  the 
case  with  the  waxwings.  Whenever  they  do  come  down  into 
the  middle  of  Sweden,  we  see  them  earlier  than  the  waxwings, 
and  they  always  leave  before  Christmas  ;  and  we  never  by  any 
chance  see  any  in  the  spring,  on  their  return  to  the  north. 
Of  the  same  genus  as  the  crossbill,  there  is  some  little  simi¬ 
larity  in  the  habits  of  the  two  birds,  although  they  never  seem 
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to  associate  in  tlie  forest.  Botli  have  one  peculiarity  in  com- 
mom,  which  I  have  observed  in  the  lowries,  and  some  other 
Australian  parrots,  which  is,  that  neither  of  them  attain  their 
fall  red  plumage  until  after  the  second,  or,  perhaps,  the  third 
moult.  In  the  year  after  its  birth,  when  the  male  grosbeak 
first  breeds,  there  is  very  little  difference  in  plumage  between 
the  male  and  female.  The  body-colour  in  both  is  ash  grey  ; 
in  the  male  slightly  tinged  with  red,  most  on  the  breast,  head 
reddish  yellow.  In  the  female  the  tinge  on  the  head  and 
breast  is  much  more  yellow,  and  this  is  the  only  difference 
between  the  plumage  of  the  two  sexes  in  the  second,  and, 
perhaps,  even  in  the  third  year.  This  is  the  usual  dress  of  the 
female  at  all  ages.  About  the  third  year  the  male  assumes  his 
gorgeous  red  livery,  which  he  probably  wears  for  some  length 
of  time ;  but,  at  a  very  advanced  period  of  life,  the  old  male 
grosbeak,  like  the  crossbills,  changes  from  red  to  bright 
yellow-green.  Although  a  thick-billed  bird,  like  the  cross¬ 
bills,  we  rarely  see  the  grosbeak  feeding  either  on  the  fir  or 
pine-cones.  Their  principal  food  seems  to  be  the  small 
buds  on  the  fir-branches,  and  they  also  eat  juniper  and  rowan 
berries.  In  confinement  they  are  very  fond  of  bread  and 
sugar,  juniper  berries,  oats,  and  canary-seed,  and  they  drink 
a  great  deal  of  water.  The  pine  grosbeak  goes  to  nest  about 
the  middle  of  June.  The  nest  is  placed  both  in  pine  and  fir- 
trees,  and  never  at  any  great  height  from  the  ground.  It  is 
one  of  the  neatest  and  most  compactly-built  nests  of  any  of 
our  northern  forest  birds ;  not  very  large,  but  very  cleanly 
built,  like  basket-work,  of  fine  fir-branches  and  thin  fibres  of 
the  cranberry,  tightly  interlaced,  lined  with  fine  grass  and  a 
little  hair.  The  eggs  vary  much,  both  in  size  and  colouring  ; 
usually  about  as  large  as  those  of  the  hawfinch,  but  a  little 
thinner  ;  ground-colour  pale  blue-green,  blotched  and  streaked 
with  light  purple  and  burnt  umber  spots  and  frecks ;  usual 
number  of  eggs,  four.  Both  male  and  female  are  very  quiet 
during  the  breeding’  season,  never  uttering  any  note  save  a 
gentle  cluck,  and  never  betray  the  locality  of  the  nest  by  any 
undue  anxiety.  The  sweet,  flute-like  note  of  the  male  bird, 
which  we  have  previously  heard  nearly  all  through  the  clear 
light  northern  spring  night,  is  now  entirely  hushed,  and  he 
attends  most  assiduously  on  the  female,  assisting  her  both  in 
building  the  nest  and  in  the  care  of  the  young.  The  note  of 
the  pine  grosbeak  is  one  of  the  loudest,  wildest,  and  most 
beautiful  that  I  know,  almost  too  powerful  for  a  room,  and 
unlike  that  of  any  other  bird  which  I  have  ever  heard.  To 
hear  it  in  perfection  we  must  seek  the  deep  solitudes  of  the 
Lapland  forest,  and  here,  in  the  soft  twilight,  which  may  be 
said  to  last  nearly  the  whole  night,  the  wild  carol  of  the  red- 
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wing  and  the  rich,  mellow  gush  of  the  pine  grosbeak’s  song 
form  a  concert  which,  when  once  heard,  can  never  be  for¬ 
gotten. 

The  grosbeak  appears  to  be  one  of  the  stupidest  of  birds. 
I  have  actually  seen  little  boys  noose  them  one  after  the  other 
with  a  long  pole  and  a  horsehair  snare  from  the  trees  on  which 
they  were  feeding. 

We  now  come  to  a  bird  whose  habits  are  much  more 
familiar  to  our  readers,  and  one  which  has  a  far  wider  breeding 
range,  for  the  nest  of  the  crossbill  is  not  unfrequenlly  taken  in 
Scotland ;  and,  although  it  may  be  considered  as  rare  within 
the  Polar  Circle,  yet  it  is  known  to  breed  in  almost  every 
other  part  of  the  Scandinavian  continent.  There  was  long  a 
mystery  attached  to  the  breeding  habits  of  the  crossbill,  which 
it  was  my  good  fortune  to  clear  up.  It  was  said  that  these 
birds  bred  at  no  certain  periods,  but  that  the  nests  were  found 
at  all  seasons,  from  December  to  June;  moreover,  that  the 
winter  nest  differed  from  that  of  summer,  being  covered,  like 
that  of  the  wren,  with  a  little  hole  at  the  side  for  the  old  bird 
to  enter.  Now,  it  is  true  that  the  crossbill  is  the  earliest 
breeder  of  all  our  northern  birds,  but  still  it  has  its  regular 
period,  the  same  as  any  other.  I  have  now  watched  them  for 
years,  and  I  have  always  found  that  they  begin  building  about 
the  middle  or  end  of  February,  according  to  the  season ;  in 
fact,  I  once  took  a  nest  as  early  as  the  14th  of  February.  In 
April  we  see  strong  flyers,  and  after  the  first  week  in  April 
I  never  saw  a  nest  with  eggs.  I  never  saw  a  covered  nest — 
all  the  nests  I  have  seen  have  been  open;  and  I  rather 
wonder  at  this,  for  at  the  time  the  crossbill  breeds  the  weather 
is  always  most  inclement,  and  one  year  I  saw  several  nests  in 
which  the  young  birds  lay  frozen  to  death.  Like  the  grosbeak, 
I  have  now  satisfactorily  proved  that  the  male  crossbill  does 
not  attain  the  deep  red  plumage  till  the  second,  or,  I  think, 
most  probably  the  third  autumnal  moult  after  leaving  the 
nest ;  certainly  not  at  the  first,  as  has  been  erroneously  stated 
by  most  naturalists.  I  fancy  they  also  undergo  a  partial 
moult  in  May.  The  habits  of  the  crossbill  are  very  puzzling. 
With  us  they  all  leave  the  district  in  which  they  were  bred  as 
soon  as  they  can  flock,  and  we  rarely  see  any  in  the  summer 
in  those  years  when  they  breed  with  us.  It  is  not  in  all  years 
that  they  breed  in  the  same  forests  ;  and  I  think  this  entirely 
depends  upon  the  state  of  the  fir-cones,  for  these  do  not  ripen 
in  the  same  districts  every  year ;  and  as  it  is  on  the  seeds  of 
the  fir  and  pine-cones  that  the  crossbills  exclusively  feed,  they 
are  obliged  to  seek  those  forests  where  the  cones  are  in  a  fit 
state  to  yield  seed.  When  they  do  breed  with  us,  they  make 
their  appearance  in  the  autumn,  and  I  have  generally  re- 
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marked  that  in  such  years  we  shall  have  very  little  snow. 
They  keep  about  the  forests  in  small  flocks  throughout  the 
winter ;  and  were  it  not  for  the  difference  of  the  landscape, 
we  might  almost  at  this  season  fancy  ourselves  in  a  southern 
forest,  as  we  watch  a  little  flock  of  these  birds  busily  feeding, 
flitting  from  cone  to  cone,  or  climbing  over  them  with  their 
backs  downwards  like  the  parrots,  their  bright  red  or  orange 
plumage  reflected  in  the  rays  of  the  afternoon  sun,  which, 
even  at  this  inclement  season,  gilds  the  tops  of  the  firs  for  an 
hour  or  two  before  sinking*  into  the  west. 

The  pairing  season  begins  about  the  middle  of  January, 
when  both  sexes  have  a  very  pretty  song.  Old  Aldrovandus 
had  remarked  this,  for,  when  speaking  of  the  crossbill,  he 
observes,  in  his  quaint  style,  “  One  thing,  also,  more  seemeth 
to  me  strange  and  unusual  in  the  crossbill — that  in  the  winter¬ 
time,  when  all  things  shrink  with  cold,  and  other  birds  are 
mute,  she  sings ;  and  in  summer,  when  other  birds  sing,  she 
is  silent.  Which,  whether  it  be  true  or  no,  let  those  observe 
among  whom  such  birds  are  common.  It  sings,  they  say, 
very  sweetly.”  Right,  old  man ;  they  have  a  very  pretty  song, 
which  I  never  heard  except  in  the  winter.  The  male  assists 
the  female  very  little  in  the  building  part  of  the  business. 
All  he  seems  to  do  is  to  sit  on  a  high  fir,  close  by  where  the 
female  is  making  the  nest,  and  cheer  her  with  his  song.  Thus, 
the  nest  of  the  crossbill  is  very  easy  to  find  by  any  one  who 
is  in  the  forest  early  in  the  morning.  The  nest  is  placed 
almost  invariably  in  a  small  pine  (rarely  in  a  fir),  close  to  the 
top,  right  into  the  stem ;  never  in  a  deep  forest,  but  always, 
with  us,  on  a  small  stony  rise,  where  the  trees  are  small  and 
wide  apart.  The  nest  is  thick,  and  clumsily  built  outwardly 
of  dry  fir-sticks,  lined  thickly  with  grass  and  moss.  The  eggs 
exactly  resemble  those  of  the  green  linnet,  but  are  consider¬ 
ably  larger.  Although  not  gregarious  in  their  breeding  habits, 
like  the  rook,  you  never  find  one  nest  without  others  being  in 
the  neighbourhood.  The  breeding  habits  of  the  parrot  cross¬ 
bill  much  resemble  those  of  the  common  bird,  but  the  nest 
and  eggs  are  larger,  and  they  always  go  to  nest  a  fortnight 
after  the  common  crossbill.  The  full  number  of  eggs  I  take 
in  both  to  be  three.  I  never  heard  of  the  white-winged 
crossbill  breeding  in  Sweden,  although  it  is  occasionally  shot 
here.  I  have  shot  a  beautiful  variety  of  the  common  crossbill 
here,  with  two  faint  rose-coloured  bands  on  each  wing.  This 
variety  is  called  by  Rrehm  the  Loxia  rubrifasciata. 

I  have  thus  endeavoured  to  give  a  slight  account  of  the 
breeding  and  other  habits  of,  perhaps,  three  of  the  most  inte¬ 
resting  birds  in  our  forests. 

The  study  of  ornithology  has  always  been  a  favourite  one 
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with  me,  and  is  one  of  the  few  innocent  pleasures  of  youth 
which  follows  a  man  into  maturer  years,  and  upon  which  he 
can  look  back  in  the  decline  of  life  with  feeling’s  of  pure  and 
unalloyed  joy.  Mam’s  constant  companions  in  every  out¬ 
door  occupation,  cheering  him  with  their  plumage  or  their 
songs,  affording  him  often  a  principal  means  of  subsistence — 
it  is  little  wonder  that  the  study  of  the  habits  and  instincts  of 
birds  should  be  a  favourite  one  with  all;  and  to  him  whose 
time  is  quietly  and  happily  spent  in  the  forests  and  the  fields, 
it  adds  one  of  the  truest  zests  to  rural  life. 


ON  THE  STRUCTURE  AND  CIRCULATION  OF 
NITELLA  TRANSLUCENS. 

BY  THE  EEV.  FEED.  HOWLETT,  M.A.,  E.E.A.S. 

( 'With  a  Coloured  Plate.) 

In  an  article  in  the  Intellectual  Obseevee  of  April,  1866, 
treating  on  the  development  of  the  ova  of  the  common  newt, 
the  writer  observed,  that  if  the  ova  be  allowed  to  be  deposited 
among  the  slender  and  highly  transparent  sprays  of  the  chara- 
ceous  plant  Nitella  translucens ,  some  of  the  most  striking 
instances  of  both  vegetable  and  animal  circulation  might  be 
witnessed  at  one  and  the  same  time,  without  any  further 
preparation  than  merely  placing  the  plant  and  ova  in  a  glass 
trough,  and  submitting  them  to  the  microscope ;  and  the 
concluding  page  contained  this  remark  :  “  But  in  connection 
with  the  circulation  of  nitella,  including  also  the  remark¬ 
able  phenomenon  of  spontaneous  movements  exhibited  in  the 
process  of  fertilization  and  fructification,  so  many  beautiful 
and  singular  facts  stand  forth,  that  it  may  well  be  worth  while 
to  make  them  the  subject  of  a  separate  paper."  This,  then, 
it  is  our  purpose  to  do  in  the  article  before  us. 

The  ordinary  botanist  may  very  possibly  not.  have  included 
the  humble  submerged  aquatic  plant,  now  to  be  described, 
within  the  range  of  his  investigations.  It  is  not  very  com¬ 
monly  met  with. ;  and,  when  found,  as  seen  by  the  unaided 
eye,  there  is  not  much  to  recommend  it.  Its  flowering  organs, 
if  so  they  may  be  called,  are  but  barely  visible ;  nor  is  it 
possible  to  preserve  it  in  one's  herbarium.  In  its  fresh  and 
growing  state  it  has,  indeed,  certain  elegant  characteristics, 
which,  perhaps,  will  not  have  escaped  the  notice  of  one  who 
may  be  a  disciple  at  the  same  time  both  of  Isaak  Walton  and 
of  Linnaeus ;  if,  after  having  hooked  some  of  it  up  from  pond 
or  lake,  he  may  have  deemed  it  not  unworthy  of  a  passing 
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glance.  Its  odour,  truly,  is  not  prepossessing,  for  it  bears 
about  with  it  a  sickly  scent  of  the  quintessence  of  mud ;  but 
the  glossy  transparency  of  its  filamentous  emerald-green 
sprays  is  sufficient  to  distinguish  it  as  something  curious. 
And  if,  moreover,  he  may  have  brought  some  of  it  home  in 
water,  and  viewed  it  in  that  element  under  the  microscope 
(especially  if  furnished  with  its  minute  organs  of  fructification), 
he  would  probably  consider  that  to  have  been  a  well-spent 
hour  which  made  him  acquainted  with  the  circulation  and 
details  of  structure  of  Nitella  translucens. 

The  plant  now  alluded  to  is  an  inhabitant  of  quiet  waters 
possessing  a  muddy,  or  rather,  perhaps,  clayey  bottom. 
Several  species  of  characeous  plants  are  indigenous  to  Great 
Britain,  but  some  of  them  have  such  a  constant  tendency  to 
be  encrusted  with  a  coating  of  carbonate  of  lime,  that  the 
features  about  to  be  described  are  far  less  easy  of  investigation 
in  their  cases,  though  they  really  exist  in  all  the  species  alike. 

When  the  encrusted  species  can  alone  be  met  with,  it  will 
be  necessary  to  remove  carefully  the  opaque  matter ;  though  if 
these  even  be  kept  some  few  weeks  in  rain  or  other  water  free 
from  lime,  they  will  soon  send  forth  young  sprays  of  tolerable 
transparency.  Fortunately,  moreover,  the  curiosities  attend¬ 
ant  upon  the  fructification  may  be  almost  equally  well  seen  in 
all  the  species  alike.  By  some  writers  the  charge  have  been 
classed  along  with  the  algse ;  though  others  consider  that  the 
peculiarities  of  their  method  of  reproduction  bespeak  for  them 
a  higher  position  in  the  vegetable  kingdom.  They  are  all,  as 
we  said,  aquatic  plants,  presenting  in  their  growth  elongated 
thread-like  tubes,  from  which  at  intervals  spring  whorls  of 
other  tubular  branches,  which,  in  their  turn  again,  are  simi¬ 
larly  subdivided.  (See  Coloured  Plate.) 

In  some  species,  as  in  the  one  before  us,  the  tube  is  simple, 

but  in  others  it  is  compound ;  that  is  to  say,  the  tube  is  closed 

with  a  cortical  or  bark-like  laver  of  smaller  tubes,  so  that  in  a 

«/ 

transverse  section  it  would  present  the  appearance  of  a  large 
circle  surrounded  by  a  number  of  smaller  ones.  Upon  this 
difference,  indeed,  some  authors  have  founded  the  two  different 
genera  of  chara  and  nitella,  though  other  careful  writers  do 
not  consider  that  this  distinction  merely  is  sufficient  warrant 
for  their  separation. 

When  the  species  is  of  the  cortical  kind,  as  in  Chara 
vulgaris  and  Chara  aspera ,  the  subordinate  tubes  are  arranged 
spirally  round  the  primary  one ;  but  in  those  which,  like 
nitella,  possess  only  simple  tubes,  the  transparent  cell- wall  is 
fined  internally  with  a  single  closely- set  layer  of  roundish  or 
oblong  granules  of  chlorophyll,  the  direction  of  whose  spiral 
arrangement  is  observable  by  means  of  a  singular  break  in 
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their  continuity,  exhibiting  itself  as  a  narrow  transparent  line 
of  light,  passing  in  a  curvilinear  manner  down  the  tube. 
These  particulars  may  be  seen  in  those  of  our  Figs.,  which,  on 
a  larger  scale,  represent  those  portions  of  the  plant  which  are 
respectively  enclosed  in  the  small  square  spaces,  A  and  B. 

Within  the  tubes,  under  a  magnifying  power  of  60,  but 
better  still  of  120  diameters,  may  be  seen  to  circulate  wavy- 
looking  masses  of  unorganized  fluid,  and  innumerable  minute 
circular  granules,  and  also  numerous  spherical  corpuscles  of 
much  larger  dimensions,  all  of  which  are  embedded  in  a 
stratum  of  transparent  semi-gelatinous  matter,  called  the  cir¬ 
culating  protoplasm,  and  by  which  they  are  carried  along,  first 
obliquely  up  one  side  of  the  tube,  then  round  its  circular 
extremity,  and  so  obliquely  down  the  other  side  to  the  other 
extremity. 

This  motion  is  of  a  particularly  smooth,  sedate,  and 
measured  description,  presenting  a  striking  contrast  to  the 
more  hurried  and  pulse-impelled  circulation  of  the  blood- 
corpuscles,  as  seen  in  the  transparent  portions  of  the  young 
newt  or  frog. 

In  vallisneria,  too,  as  is  well  known,  the  circulation  is  also 
extremely  beautiful,  and  probably  better  known  than  that  of 
nitella.  It  is,  however,  more  difficult  to  exhibit,  not  only 
because  it  is  necessary  to  slice  off  a  portion  of  the  leaf  in  order 
to  expose  the  cells,  but  also  because,  being  of  a  more  sensitive 
nature,  it  is  often  some  little  time  before  the  portion  operated 
upon  recovers  from  the  shock  and  resumes  its  circulation. 

In  nitella,  indeed,  if  a  tube  be  injured  in  any  point,  the 
circulation  in  that  particular  tube  instantly  and  permanently 
ceases,  though  it  will  continue  with  unabated  activity  in  all 
those  portions  of  the  plant  which  lie  above  and  below  the 
damaged  filament.  During  winter,  as  might  almost  be  ex¬ 
pected,  the  circulation  is  very  sluggish,  and,  indeed,  barely 
perceptible,  unless  the  plant  has  been  for  some  time  kept  in  a 
warm  situation. 

If,  as  it  may  sometimes  be  managed,  one  small  tube  of  a 
whorl  be  carefully  torn  away  from  its  socket,  the  wounded 
extremity  which  will  then  be  exposed  will  be  seen  to  be 
bounded  by  a  cell-wall  of  such  extreme  thinness  and  glassy 
transparency,  that  the  whole  of  the  circulating  contents  of 
the  tube  may  be  observed  with  still  greater  facility.  Under 
these  circumstances  the  surface  of  the  larger  circulating  cor¬ 
puscles  will  be  seen  to  be  far  from  smooth,  but  thickly  beset, 
often  with  minute  sharp  spines,  very  much  after  the  manner 
of  the  pollen  grains  of  a  mallow,  or  major  convolvulus  (see 
Fig;  h). 

These  last  appendages  are  still  more  indisputably  apparent 
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when  the  contents  of  a  tube  of  nitella  are  carefully  squeezed 
out  from  one  of  its  cut  extremities  upon  a  slide  of  glass ;  and, 
perhaps,  most  of  all  when  an  aqueous  solution  of  tincture  of 
iodine  has  been  applied  to  the  same,  when  the  globules  and 
their  spines  will  stand  out  a  deep  orange  red,  the  chlorophyll 
granules  assuming  a  purplish  brown  tint.  The  protoplasm 
itself  does  not  seem  to  be  affected  by  the  re-agent  above 
mentioned. 

It  may  be  mentioned,  in  passing,  that  if  the  protoplasm 
extruded  from  the  tube  of  nitella  be  simply  left  to  dry  upon 
the  glass  slide,  it  will  crystallize  in  minute  arborescent  sprays, 
not  unlike  those  assumed  by  the  metal  produced  by  precipita¬ 
tion  from  a  solution  of  crystallized  nitrate  of  silver,  which 
forms  such  a  beautiful  opaque  object  for  the  microscope. 

Some  grains  of  Tons  les  mois  starch  exposed  by  the  writer 
to  the  iodine  by  way  of  contrast,  immediately  assumed  that 
amethystine  blue  so  characteristic  of  the  chemical  effect  of 
iodine  upon  amylaceous  matter. 

A  rather  strong  solution  of  acetic  acid  did  not,  for 
some  time,  affect  the  colours  of  the  globules,  nor  the 
definition  of  the  spines,  beyond  rendering  them  somewhat 
paler.  By  degrees,  however,  the  spines  seemed  to  dissolve, 
and  the  globule  generally  became  indistinct.  These  spine- 
globules  (which,  from  their  somewhat  high  organization,  may 
be  presumed  to  play  some  important  part  in  the  economy  of 
nitella)  vary  in  size,  as  carefully  measured  by  the  writer,  from 
about  the  -p-V  0fifi  to  as  much  as  the  Tn^o-th  of  an  inch.  The 
minute  protoplasmic  granules  are  only  from  the  to 

the  -6-o Vo th ;  and  the  chlorophyll  granules,  lining  the  tubes, 
from  about  the  -7^-0  fih  to  the  --A  b  th  of  an  inch. 

For  such  minute  measurements,  if  any  observer  does  not 
possess  or  know  how  to  use  a  regular  micrometer,  a  very  good 
approximation  may  be  arrived  at  by  comparison  of  the  object 
under  investigation  with  the  convenient  standard  of  the  huma,n 
blood  corpuscles,  which  possess  a  mean  diameter  of  3  fovth  of 
an  inch. 

But  we  must  now  pass  on  to  the  description  of  the  highly 
curious  organs  of  fructification  exhibited  by  nitella,  and  all 
the  characese  ;  and  the  whole  of  which  may  be  very  well  in¬ 
vestigated  by  a  good  or  object-glass. 

At  the  axils  of  the  more  terminal  sprays  of  the  plant  (see 
general  Fig.)  may  be  found,  all  through  the  summer  and 
autumn  months,  certain  small  brownish  bodies,  of  two  descrip¬ 
tions,  which  are  commonly  found  grouped  together,  and  which 
are  called  respectively  globules  and  nucules.  The  globule, 
which,  as  its  name  suggests,  is  circular  in  form,  fulfils  a  func¬ 
tion  similar  to  that  of  the  so-called  antheridium  in  ferns  and 
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many  other  cryptogamous  plant s,  and  which,  there  is  little  or 
no  doubt,  is  the  same  as  that  of  the  anther ,  with  its  fertilizing 
pollen,  in  the  ordinary  flowering  or  phanerogamous  plants ; 
whilst  the  nucule,  which  is  of  a  more  elongated  form,  serves 
the  part  of  the  archegonia,  in  the  former  class  of  the  vegetable 
kingdom,  or  of  the  pistil,  with  its  germ- cell,  in  the  latter 
class.* 

The  exterior  coat  of  the  globule  is  transparent ;  but  the 
interior,  when  mature,  is  of  a  brownish  red  or  orange  hue,  and 
presents  a  singular  and  elegant  construction.  It  is  composed 
.of  separate  triangular  plates,  eight  in  number,  each  of  which 
is  again  composed  of  several  long,  transparent,  wedge-shaped 
cells,  radiating  from  a  common  centre,  and  containing  nume¬ 
rous  small  granules  of  colouring  matter  about  Twoi/h  °f  an 
inch  in  diameter,  and  which  impart  their  own  hue  to  the  whole 
globule.  The  edges  of  these  plates  are  rather  deeply  cre- 
nated,  by  which  means  they  at  first  are  fitted  one  to  another, 
like  a  piece  of  marqueterie.  But  when  the  globule,  on  becom¬ 
ing  mature,  has  burst  asunder,  a  spindle-shaped  cell  will  be 
seen  to  project  from  the  interior  surface  of  each  of  the  plates, 
directed  inwards,  and  meeting  at  the  centre  of  the  globule 
similar  cells  projected  from  the  other  associated  plates,  and 
which  might  perhaps  be  suggestive  of  a  fantastic  fairy  parasol ! 
(See  Fig.  e.)  After  these  plates  have  fairly  separated,  the  con¬ 
tents  of  the  globule  will  be  seen  to  consist  of  numerous 
slender,  cylindrical,  transparent  filaments,  about  a  51oi/h  of 
an  inch  in  diameter  (see  Fig./),  and  subdivided  into  separate 
short  cells,  each  of  which  contains,  and  finally  discharges,  a 
delicate,  spiral,  filiform,  antherozoidal  body,  which  (like  those 
of  the  ferns,  mosses,  etc.)  continue  to  swim  about  actively  for 
some  time  in  the  water,  lashing  themselves  along  by  means  of 
apparently  two  long  cilia  with  which  they  are  furnished. 
Before  arriving  at  maturity,  the  antherozoids  appear  as  small, 
oval,  gelatinous  masses,  which  gradually  pass  into  the  filiform 
shape  previously  mentioned.  (See  Figs./'  and/ A) 

The  nucules  are  not  less  singular  than  the  globules.  They 
consist  of  a  single  germ-sac,  enveloped  by  five  cylindrical 
tube- cells,  which,  springing  from  the  bottom  of  the  sessile 
nucule ,  coil  spirally  round  it,  until,  upon  meeting  at  the  top, 
they  there  slightly  diverge  again,  so  forming  a  sort  of  open 
crown,  down  which  the  antherozoids  find  their  way,  it  is  be¬ 
lieved,  into  the  germ-sac  (which  contains  both  protoplasm 
starch  and  oil,  according  to  Griffiths  and  Henfrey),  and  which, 
upon  thus  being  fertilized,  developes  a  curious  dark-brown 
seed,  characterized,  also,  by  sharp  spiral  ridges  winding  round 
it,  and  which,  falling  to  the  bottom  of  the  water,  gives  rise  to 
*  See  Intellectual  Observer  for  February,  1865,  p.  36. 
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a  fresh  plant.  It  is  said  that  the  charge  are  also  multiplied  by 
gemmce  (that  is,  easily-detached  buds),  which  grow  out  at  the 
articulations  of  the  sprays. 

The  circulation  may  also  be  often  well  seen  in  the  spiral 
tube-cells  composing  the  exterior  of  the  nucule. 

Nitella  has  not  only  regular  roots,  whereby  it  is  moored  to 
the  bottom  of  the  water,  and  from  whence,  probably,  it  derives 
its  chief  nutriment,  but  it  is  also  furnished  with  numerous  ex¬ 
tremely  slender  subsidiary  root-filaments  of  not  more  than  the 
tTo  0lh  of  an  inch  in  diameter,  extending  one  or  two  inches,, 
often,  in  length.  These  may  soon  be  observed  to  grow  out  at 
the  joints  of  any  portion  of  a  plant  which  may  be  suffered  to 
remain  undisturbed  in  an  aquarium,  and  whereby  alone  it  may 
be  maintained  in  healthy  growth.  They  are  perfectly  trans¬ 
parent,  and,  being  devoid  of  any  chlorophyll,  the  circulation 
therein  is  as  plainly  apparent  as  if  going  on  in  a  glass  tube. 
The  protoplasmic  globules,  however,  are  but  sparse,  and  much, 
more  minute  than  those  of  the  stem  and  sprays ;  few,  if  any, 
observed  by  the  writer  being  larger  than  the  ToVoth  of  an 
inch,  and  the  majority  not  more  than  the  To  l  0  0th. 

Lastly,  whilst  searching  for  nitella  in  the  waters  of  the 
Weald  of  Sussex  and  Kent,  it  is  highly  interesting  to  think 
how,  in  geological  ages  long  since  rolled  away,  this  humble 
and  fragile  plant  maintained  its  own  amidst  the  ancient  floods 
and  dire  forms  of  the  saurian s  and  pterodactyles  of  certain 
members  of  the  Wealden  group  comprehended  within  the 
Secondary  rocks  of  the  cretaceous  formation. 

For  whilst,  as  we  are  informed  by  Sir  Charles  Lyell,*  that 
the  flora  of  the  Wealden  was  anciently  characterized  not  only 
by  an  abundance  of  coniferse,  cycadese,  and  ferns,  the  spore- 
vessels,  or  seeds,  of  the  chara  also  were  discovered,  in  1855, 
in  the  Hastings  sand-beds  of  the  Isle  of  Wight — a  point,  this, 
of  some  importance,  inasmuch  as  it  supplies  a  link  between 
the  Secondary  and  Tertiary  flora  which  was  previously  want¬ 
ing.  Because,  according  to  the  same  author,  these  spores 
are  also  found  embedded  in  the  flints  of  the  extinct  volcanic 
district  of  •  Cantal,  in  Auvergne,  in  Central  France,  in  con¬ 
nection  with  Tertiary  fresh-water  formations  of  the  miocene 
period. f 

A  few  years  since,  curious  spiral  fossil  seeds  were  quite  a 
puzzle  to  geologists,  some  of  whom  imagined  them  to  be 
foraminiferous  shells,  and  by  whom,  before  their  true  nature 
was  ascertained,  they  were  called,  from  their  peculiar  form, 
gyrogonites.  J 

In  conclusion.  Here,  in  the  existing  waters  of  the 

*  Elements  of  Geology,  Ed.  1865,  chap,  xix.,  p.  350.. 
f  Ibid.,  chap,  xiv.,  p.  229.  J  Ibid.,  chap,  iii.,  p.  31. 
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Wealden,  we  find  these  plants  and  seeds  abundant  still,  nest¬ 
ling  in  the  quiet  depths  of  ponds  hollowed  out  in  formations 
which  contain  the  fossil  remains  of  closely  allied  species,  so 
ancient,  however,  that  they  must  have  grown  in  ages  which 
preceded  that  prodigious  period  of  time  required  for  the 
abrasion  of  the  whole  of  the  overlying  chalk  which  intervened 
between  the  North  and  the  South  Downs ;  and  before  the 
consequent  denudation  of  the  Wealden  beds  of  the  Isle  of 
Wight ;  where,  as  we  have  seen,  they  have  of  late  been 
discovered  by  the  microscopist  and  geologist. 


NEW  FACTS  IN  BOTANICAL  GEOGRAPHY. 

BY  EDMUND  BOISSIER.* 

Generalizing  from  observations  that  are  nearly  always  incom¬ 
plete,  botanists,  in  laying  down  the  predominance  in  this  or 
that  region  of  certain  families  or  genera,  often  conclude  pre¬ 
maturely  that  they  belong  exclusively  to  the  region  in  question. 
New  facts,  however,  continually  come  before  us  which  show 
that  there  is  nothing  absolute  in  the  laws  which  have  presided 
over  the  actual  distribution  of  plants  on  the  surface  of  the 
globe.  Recently,  for  example,  certain  species  have  been  dis¬ 
covered  in  Europe  and  in  Asia  Minor  which  are  particularly 
interesting  from  the  fact  that  their  congenors  inhabit  regions 
far  distant  from  each  other.  The  first  is  a  Dioscorea.  The 
plants  of  this  family  are  monocotyledonous  and  dioicous,f  with 
stems  usually,  twisting,  and  climbing’.  Their  root  is  a  tuber, 
edible  in  some  species  under  the  name  of  yarns.-”  The 
genus  Dioscorea  is  very  prevalent  in  the  tropical  regions  of 
the  old  and  new  world  ;  only  a  small  number  of  species  occur¬ 
ring  in  the  northern  temperate  regions,  among  which  may  be 
mentioned  the  B.  villosa ,  of  the  United  States,  and  the 
B.  batatas ,  of  Japan,  lately  introduced  as  the  Japanese  yam. 
Up  to  this  time  no  European  species  was  known,  though  it  was 
rumoured  that  M.  Bubani,  an  Italian  botanist,  had  found  one  in 
the  Pyrenees. 

I  have  just  received  specimens  of  the  plant  in  question 
from  M.  Bordere,  of  Gedre,  in  the  Hautes  Pyrenees,  and  from 
its  tuber-shaped  root,  and  its  membranous  three-celled  capsules, 
it  belongs,  without  doubt,  to  the  genus  Dioscorea.  The 
B.Pyrenaica  (Rub.)  is  an  Alpine  plant,  which  grows  on  cal- 

Translated  from  the  Archives  des  Sciences. 
f  Having  stamens  and  pistils  on  different  plants. 
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careous  debris  on  the  southern  slope  of  the  Col  da  Gavarnie, 
and  what  is  very  remarkable,  its  stems  not  climbing,  but 
dwarf  and  flexile,  call  to  mind  the  stems  of  other  species 
belonging  to  the  Andes  of  Chili  and  Peru,  and  to  the  moun¬ 
tains  of  Mexico. 

Another  curious  fact  is  the  discovery,  a  few  years  ago,  of  a 
Pelargonium  in  the  mountains  of  the  East.  The  genus 
Pelargonium,  which  comprehends  the  species  of  Geranium, 
cultivated  in  our  flower-beds,  is  characterized  in  the  family  to 
which  it  belongs  by  the  nectiferous  tube  which  descends  from 
the  calyx,  and  solders  itself  throughout  its  length  to  the 
peduncle.  It  has  been  regarded  as  exclusively  indigenous  to 
the  southern  hemisphere,  most  of  its  numerous  species 
inhabiting  the  Cape  of  Good  Hope,  and  some  living  in  Hew 
Holland,  while  M.  Kotschy  has  brought  from  Taurus,  in 
Cilicia,  a  very  fine  plant,  indubitably  belonging  to  this  genus. 
It  has  been  found  all  along  the  same  mountain  chain  from 
Pamphylia  to  Armenia.  Like  some  other  species  from  the 
Cape,  the  Pelargonium  Endlicherianum  has  the  lower  petals 
very  small,  almost  aborted,  while  the  upper  ones,  very  large, 
and  of  a  fine  purple,  give  the  plant  an  ornamental  character, 
and  it  is  all  the  more  valuable  from  its  being  able  to  stand  our 
winters. 

I  pass  to  the  third  species  which  I  have  to  mention.  Some 
years  since  the  botanist  Bertero  gathered  in  Chili  a  parasitical 
plant  growing  in  great  abundance  on  the  branches  of  an 
Adesmia,  a  shrub  belonging  to  the  bean  family.  M.  Guillemin 
found  that  it  constituted  a  new  genus,  which  he  called  Pilos- 
tyles.  It  has  neither  root,  nor  stem,  nor  leaves,  and  consists 
only  of  a  bell-shaped  flower  two  lines  long,  and  sessile  on  the 
bark  of  the  Adesmia,  the  epidermis  of  which  it  ruptures  in  its 
■development.  It  is  dioicous,  and  the  male  plant  has  not  yet 
been  found.  The  flower  is  surrounded  at  its  base  by  seven 
bracts,  and  it  is  composed  of  a  calyx  of  four  oblong  and  imbri¬ 
cated  parts,  of  a  corolla  of  four  spathulate*  imbricated  petals, 
a  little  larger  than  the  calyx,  and  of  a  central  column,  thick, 
short,  and  obtuse,  with  its  lower  half  attenuated,  and  sur¬ 
rounded  towards  the  middle  by  a  ring  formed  of  three  rows  of 
unilocular  anthers,  upon  which  is  another  ring  composed  of 
■closely  approximated  papillae.  This  column  is  composed  of 
cellular  tissue,  and  a  transverse  section,  examined  under  a 
microscope,  exhibits  the  orifice  of  a  very  small  number  of 
isolated  tracheae.  When  the  flowering  is  over,  the  blossom 
falls,  leaving  a  depression  in  the  bark  of  the  Adesmia. 

The  singular  production  of  flowers  without  a  stem  gave 

*  More  or  less  rounded  towards  the  summit,  and  narrowed  towards  the  base.” 
— Henslow’s  Diet.  Dot.  Terms. 
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rise  at  first  to  tlie  strange  notion  that  it  was  a  monstrous 
growth  of  the  flower  of  the  shrub  on  which  it  was  found;  but 
this  opinion  could  not  be  maintained  when  its  structure  was 
ascertained  and  its  noil-axillary  insertion.  It  belongs  to  the 
family  of  the  Rhizanths,  or  root-flowers,  and  is  like  a  miniature 
of  the  gigantic  Rafflesia,  which  is  parasitical  upon  plants  in 
the  isles  of  the  Eastern  Archipelago. 

The  naturalist  Pohl  ?dso  broughtprom  Brazil  a  second  species 
of  the  same  genus,  growing  on  the  branches  of  a  Bauhinia  ; 
but  for  many  years  nothing  new  was  added  to  the  history  of 
the  Pilostyles,  till  this  winter,  examining  a  collection  of  dried 
plants  from  the  Alpine  and  eastern  regions  of  Asia  Minor, 
made  by  M.  Haussknecht,  I  found  the  branches  of  a  spiny 
Astragalus  covered  at  the  base  and  round  the  points  of 
insertion  of  the  leaves,  with  little  red  globular  bodies,  that 
reminded  me  at  once  of  the  Chili  plant.  They  were,  in  fact, 
Pilostyles,  resembling  in  their  chief  characteristics  P.  Berteri , 
but  specifically  different  from  the  absence  of  bracts,  the 
shortness  of  the  flower,  and  the  number  of  parts  in  the  calyx 
and  corolla,  which  were  five  and  six,  not  four.  My  friend.  Dr. 
Muller,  has  made  a  detailed  microscopical  examination  of  this 
curious  production,  and  he  has  found  other  differences.  Thus 
in  the  eastern  plant  the  ring  of  unilocular  anthers  round  the 
central  column  is  composed  of  two,  and  not  three  rows  of 
anthers ;  the  column  itself  (of  the  new  plant)  is  shorter,  and 
not  contracted  in  its  lower  half.  As  is  the  case  with  the 
Pilostyles  of  Chili,  the  female  plant  is  yet  unknown  in  those  of 
Asia  Minor.  Perhaps  according  to  Dr.  Miiller,  the  zone  of 
the  papillae,  which  surmount  the  outer  ring  in  both  species, 
represents  a  row  of  undeveloped  ovules.  If  so,  a  certain 
analogy  would  be  established  with  the  Arums. 

Thus  we  have  an  Oriental  Alpine  species,  the  Pilostyles 
Hausshnechtii  completing*  a  genus  only  known  to  exist  in 
South  America,  and  of  which  all  the  species,  which  is  remark¬ 
able,  are  parasitical  on  shrubs  of  the  bean  family. 

It  would  be  easy  for  me  to  enlarge  the  list  of  disjoined 
species — that  is,  of  species  growing  in  a  botanical  region, 
remote  from  the  locality  occupied  by  the  rest  of  the  genus  of 
the  family  •  but  without  wishing  for  little-known  instances, 
there  are  some  that  astonish  us  less  only  because  they  are 
constantly  in  our  sight.  Is  it  not  singular,  for  example,  only 
to  find  one  myrtle  in  the  floras  of  Southern  Europe,  and  only 
one  laurel,  while  the  rest  of  these  numerous  families  inhabit  the 
tropical  and  sub-tropical  countries  of  two  continents  ?  If  we 
reflect,  however,  that  during  the  Tertiary  epoch,  myrtles  and 
laurels  were  spread  over  Central  Europe,  we  meet  with  an 
explanation,  and  are  led,  as  has  been  so  well  shown  by  M. 
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Alp.  de  Candolle,  in  Ids  Geographical  Botany,  to  admit  species 
of  different  degrees  of  antiquity,  and  to  liope  that  an  improved 
knowledge  of  the  floras  of  geological  epochs  will  enable  us 
the  better  to  understand  the  natural  distribution  of  plants. 


THE  CLAMOR-CESTUS,  OR  TIDE- SHRIEK :  A  SELF¬ 
ACTING-  FOG  WARNING  FOR  THE  COAST. 

BY  H.  TEMPLE  HUMPHREYS,  ASSOC.  INST.  C.E. 

Among  the  treacherous  sandbanks  that  are  so  numerous  in  our 
tidal  seas,  as  well  as  on  rocks  and  headlands  of  our  coast,  the 
want  of  regularly  established  fog- signals  is  a  source  of  real 
danger  to  navigators  of  all  countries  who  meet  with  these 
obstructions  in  the  great  channels  of  communication,  or,  worse 
still,  as  intricacies  in  the  fair  way  of  their  entrance  to  im¬ 
portant  harbours.  Take,  for  examples,  the  Goodwin  Sands,  the 
Shingles,  off  Ramsgate,  the  Yerne  and  Ridge  Shoals,  not  two 
fathoms  deep,  between  Dover  and  Calais,  the  entrance  to  Cork 
Harbour,  the  Wolf  Rock,  the  Acklow,  Wicklow,  and  Black- 
water  Banks  on  the  coast  of  Ireland,  and  many  other  localities 
which  might  be  named,  where  the  lighthouses  and  lightships 
already  existing  are  altogether  useless  in  foggy  weather. 
Mists,  which  are  common  in  the  Channel  Islands,  and  those 
■which  in  Edinburgh  are  called  ee  the  Haare/’  and  which  come 
with  cold  east  winds  from  the  German  Ocean,  render  the 
navigation  at  those  places,  and  at  such  times,  wholly  unsafe. 
An  efficient  self-acting  system  of  coast  warning  by  fog- signals 
would  be  a  boon  to  ship-masters  and  pilots,  by  affording  to 
them  the  necessary  guidance  in  such  embarrassing  situations, 
as  would  undoubtedly  save  from  destruction  many  a  fine  ship, 
bewildered  in  the  pathless  mists  among  the  shoal  waters 
subject  to  their  visitation. 

It  is  related  that  a  passenger  vessel,  on  its  outward  voyage 
to  Australia,  was  once  in  imminent  peril  of  collision  with  an 
iceberg,  which,  from  its  much  lower  temperature  than  the 
surrounding  air,  was,  as  usual  in  the  case  of  those  natural 
floating  barriers,  surrounded  by  a  fog.  The  danger  was  in 
good  time  fortunately  averted  by  the  echo  of  the  ship^s  whistle 
accidentally  reverberated  from  the  ice.  On  the  Grand  Banks 
of  Newfoundland,  where  fogs  constantly  arising  from  the  neigh¬ 
bourhood  of  the  warm  waters  of  the  Gulf  Stream  brood  over 
the  surface  of  th^  sea,  whistles  of  the  kind  in  common  use  on 
railway  engines,  but  much  larger,  are  kept  in  constant  play. 
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and  answer  admirably  the  purpose  of  warning  the  numerous 
fishing  vessels  off  the  shoals.  In  the  channel  between  the 
adjacent  islands  of  Bute  and  Cumbray,  forming  the  narrow 
entrance  to  the  Forth  of  Clyde,  where  fogs  of  more  than 
ordinary  density  prevail,  one  vessel,  at  least,  from  this  cause  is 
known  quite  recently  to  have  gone  ashore.  A  trumpet  was 
erected  near  the  lighthouse,  and  is  intended  to  be  played  by 
an  Ericsson's  air  engine.  The  direction  of  the  sound  of  this 
trumpet  is  plainly  distinguishable  five  miles  from  the  shore ;  so 
that  in  foggy  weather,  being  turned  alternately  up  and  down  the 
channel,  it  serves  to  guide  with  safety  the  numerous  fleet  of 
vessels  inward  and  outward  bound  that  enter  by  this  channel 
at  the  port  of  Glasgow.  A  bell-mouthed  horn  and  a  steel 
disc  revolving  behind  it,  so  as  to  produce  a  scraping  noise  like 
the  sharpening  of  a  hundred  saws,  was  formerly  directed, 
at  Queensferry,  Edinburgh,  across  the  Forth,  and  being 
revolved  by  hand  the  noise  could  be  thrown  across  the  river. 
In  foggy  weather  the  boat,  adroitly  guided,  crossed  the  Firth 
without  the  least  possibility  of  departure  from  the  line  of 
sound. 

The  tower  of  wrought  iron  depicted  in  the  accompanying 
figure,  and  called  the  Clamor-QEstus — which,  being  literally 
translated,  means  the  “  Tide-shriek  ” — is  a  universal  whistle¬ 
warning  for  the  coast,  constructed  on  the  best  principles  of 
economy  and  durability  for  producing  an  incessant  warning 
note,  and  capable,  if  properly  established  and  maintained,  to 
protect  the  maritime  interests  of  this  and,  in  fact,  of  all  other 
countries  from  the  catastrophes  of  sudden  fogs,  so  common  to 
dangerously  environed  roadsteads  throughout  the  world. 

The  mechanical  effect  of  the  rise  and  fall  of  the  tidal  swell 
acting  in  a  certain  given  area,  which  in  the  figure  is  the  base¬ 
ment  of  this  tower,  is  less  than  what  might  at  a  first  supposition 
be  expected ;  but  being  most  readily  available  in  all  situations 
where  the  Clamor-cestus  would  be  used,  and  the  contrivance  of 
the  Tide-shriek  being  to  store  up  the  accumulated  effect  for 
any  length  of  time,  the  tower  of  the  Clamor- oestus  is  truly  an 
exhaustless  water-power,  in  constant  readiness  for  any  emer¬ 
gency  of  haze,  mist,  or  fog  that  may  arise. 

To  understand  the  mechanism  contained  within  the  plates, 
angle-irons,  rivets,  etc.,  etc.,  which  compose  this  tower  and  its 
base,  it  is  only  necessary  to  inspect  the  two  accompanying 
sketches  that  closely  adjoin  the  figure  on  either  side.  That  on 
the  left  hand  side  represents  all  the  apparatus  necessary  to 
produce  the  sound.  It  is  placed  upon  the  upper  floor  of  the 
base,  within  the  tower,  and  is  called  the  hammer-whistle, 
whose  parts  will  be  presently  explained.  4-bove  it  the  sides 
of  the  tower  itself  form  a  large  water-tank,  invisible  in  the 
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figure,  used  as  a  reservoir  of  water,  and  consequently  of  power, 
whereby  the  times  of  slack  water,  when  there  is  neither  a  rise 
nor  a  fall  in  the  tide,  can  be  staved  over ;  and  by  means  of  this 
provision  the  whistling  note  of  warning  can  be  constantly  kept 


Explanation  of  the  Clamor- oestus,  or  Tide-shriek :  a  Syren  or  self-acting  warning 
for  the  coasts  in  foggy  weather. 

a,  Whistle;  b  b ,  bottom  of  water- 1 ank ;  c  c,  tide-chamber,  and  level  of  mean 
tide ;  d ,  tide-way  into  tide-chamber  ;  e  e,  screw  piles  ;  ff,  sandbank  ;  s  s,  t  t,  low 
tide  and  high  tide  levels. 

A,  section  of  tide-way  and  water-lift,  enlarged  ;  g  g ,  inward  and  outward  now 
turbines;  h  h,  force  pumps;  l  l,  ascending  pipes.  T>,  plan  of  hammer-lift; 
small  turbine  ;  n,  hammer-block  ;  p,  air-chamber ;  r,  whistle-pipe. 

up,  so  that  the  repetition  at  regular  isochronous  intervals 
knows  neither  stoppage  nor  interruption,  and  the  Tide- shriek 
is  perpetually  sounding  day  and  night  throughout  the  year. 
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The  tower  of  the  Clamor- oestus  thus  serves  a  double  purpose;  for 
while  it  supports  the  whistle  at  a  height  of  about  one  hundred 
feet  above  the  level  of  the  sea,  where  the  sound  can  better  diffuse 
itself  over  the  superficial  stratum  of  the  fog,  it  itself  forms  a 
capacious  receptacle,  in  which  a  large  amount  of  water  power 
can  be  accumulated  and  kept  in  reserve  until  the  time  arrives 
when  it  becomes  necessary  to  turn  this  extra  power  to  account. 

The  sound  of  the  whistle  is  concentrated  by  two  reflecting 
surfaces  of  iron,  shaped  to  their  figure  by  a  vertical  ellipse, 
one  focus  of  which  occupies  the  place  of  the  whistle  itself,  and 
the  other  traverses  a  circle  round  the  tower  at  the  distance  of 
some  miles  at  the  level  of  the  sea.  In  peculiar  situations  an 
ordinary  parobolic  reflector  can  be  substituted  in  the  loft, 
having  the  whistle  at  its  focus,  and  capable  of  revolving  by 
the  directing  force  of  the  tide  or  wind  to  different  parts  of  the 
coast,  where  the  alarm,  at  stated  intervals,  is  required  to  be 
directed ;  and  in  densely  foggy  weather  two  or  more  whistles 
of  the  same  pitch  can  be  sounded  together  in  the  whistle-loft, 
until  the  fog  either  lifts  or  drifts  away ;  the  power  requisite 
for  blowing  the  additional  whistles  being  derived  from  a  con¬ 
siderable  head  of  water,  which  the  large  size  of  the  tank 
makes  it  possible  to  keep  constantly  in  store  for  such  an 
emergency. 

The  sketch  upon  the  right  hand  side  of  the  figure  shows 
all  the  apparatus  necessary  to  raise  the  water  from  below  into 
the  tank.  Placed  in  the  bottom  floor  of  the  tower-base  (a 
close  circular  chamber,  one  hundred  feet  in  width  and  eight 
feet  deep),  it  gives  passage  to  the  sea  in  and  out  of  the 
chamber,  by  means  of  two  turbines  so  provided  with  valves 
that  one  acts  as  an  inward  flow  turbine  and  the  other  as  an 
outward  flow  turbine.  The  whole  tidal  power  of  the  sea 
within  the  area  of  the  chamber,  whether  ebbing  or  flowing,  is 
thus  economised.  The  turbines,  by  means  of  a  shaft,  drive 
each  a  pump,  the  lifting  power  of  which  is  of  course  propor¬ 
tioned  to  the  driving  force  of  the  turbines.  The  whole  gear  is 
called  the  water-lift,  and  can  be  arranged,  if  preferred,  with  two 
hydraulic  rams,  the  constantly  repeated  blows  of  which  beneath 
the  surface  of  the  water  would  be  audible  for  a  very  long 
distance. 

The  water  raised  by  either  of  these  means  from  the 
chamber  or  from  the  sea  in  the  course  of  the  tidal  ebb  and  flow, 
is  delivered  into  the  upper  tank  by  means  of  two  ascending 
pipes,  shown  in  the  sketch.  As  the  driving  force  of  the  turbines 
is  about  one-third  of  a  horse  power  each,  calculated  for  a  basal 
diameter  of  one  hundred  feet,  and  a  range  of  the  lowest  neap 
tides  not  less  than  six  feet,  in  which  the  use  of  the  Clamor- 
cestus  would  be  possible,  the  constant  work  of  the  pumps  is 
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ample  to  maintain  a  certain  head  of  water  (determined  by  a 
waste  pipe)  in  the  tank,  and  to  afford  besides  a  regular  supply 
of  water  power  to  the  remaining  portions  of  the  mechanism. 
A  simple  adaptation  might  possibly  also  utilize  the  power  of 
the  air,  in  entering  and  leaving  the  basement  chamber,  and 
thus  decrease  the  size  and  cost  of  the  apparatus.  The  chamber 
itself  is  erected  perfectly  horizontal  at  mean  tide  level,  on  two 
or  more  circles  of  screw  piles,  or  upon  some  other  solid  and 
firm  foundation  according  to  the  nature  of  the  ground,  and 
serves  as  the  basement  of  the  tower.  Both  tower  and  base  are 
stayed  and  strutted  within  by  lattice  girders,  diaphragms, 
gusset-plates,  rivets,  etc.,  so  as  to  render  them  impregnable  in 
the  roughest  assaults  of  a  raging  wind  and  sea. 

A  pipe  leads  down  from  the  tank  to  another  smaller 
turbine  in  the  lower  compartment  of  the  tower.  The  turbine, 
which  is  shown  in  the  sketch  occupying  the  left  hand  side  of 
the  figure,  is  thus  kept  revolving  constantly  in  one  direction. 
The  axle  carries  a  worm  pinion,  that  works  in  a  toothed  wheel 
driving  a  cam  with  uniform  celerity,  also  in  one  direction.  The 
cam  raises  a  lever,  and  the  hammer-block,  weighing  about  one 
ton,  is  thus  lifted — very  much  in  the  manner  that  tilt  hammers 
are  raised — and  allowed  to  fall  at  each  revolution  of  the  cam, 
with  greatly  accumulated  force,  upon  a  piston  in  the  air- 
chamber.  Here  the  air  and  a  spiral  spring,  that  in  its  position 
of  rest  sustains  the  lever  in  its  place  at  the  top  of  the  air- 
chamber,  are  suddenly  compressed.  Driven  by  the  violence  of 
the  blow  to  escape  by  the  ascending  pipe  shown  in  the  sketch, 
the  air  rushes  through  the  whistle  with  a  shriek,  which  can 
easily  be  distinguished  from  other  sounds  heard  at  sea,  and 
which,  from  its  suddenness  and  intensity,  it  is  imagined  will 
be  heard  much  further.  The  hammer-block  is  raised  again 
and  again,  and  falls  at  exactly  such  intervals  as  is  determined 
by  the  speed  of  the  turbine.  The  result  of  calculation  on  a 
base  one  hundred  feet  in  diameter,  with  the  least  range  of 
only  six  feet  in  the  tide,  is  that  a  tower  of  the  dimensions  now 
contemplated  would  let  fall  one  ton  weight  from  a  height  of 
two  feet  at  intervals  of  half  a  minute.  The  lowest  range  of 
the  neap  tides  being  taken  as  the  basis  of  this  calculation,  the 
power  can  never  be  less,  but  may  be  considerably  more. 

Inasmuch  as  gratings,  enclosing  the  whole  of  the  gearing, 
would  prevent  seaweed  gaining  admission  or  egress,  from 
impairing  the  effective  action  of  the  pumps  and  turbines,  the 
Clamor- oestus,  being  entirely  self-acting,  would  require  no 
personal  attendance  beyond  that  required  by  an  occasional 
inspection,  but  would  go  on  working  as  long  as  the  various 
parts  hold  together,  and  are  not  fouled  by  the  growth  of  sea¬ 
weed  in  the  interior.  The  prime  cost  of  its  construction,  on 
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an  average,  being  also  little  more  tlian  a  ninth  part  of  the 
outlay  in  building  the  Skerryvore  lighthouse  (£86,978),  or  a 
sixth  part  of  that  expended  upon  the  Bell  Rock  lighthouse 
(£60,000),  and  being  moreover  the  total  cost  (it  requiring  no 
attendance),  there  are  many  points  round  our  coast  that  would 
be  admirably  well  served  by  such  an  apparatus  as  the  Tide- 
shriek,  particularly  in  places  where  a  lighthouse,  or  a  lightship 
would,  from  its  great  expense  both  in  construction  and  main¬ 
tenance,  be  inadmissible. 

It  is  unnecessary  to  add,  perhaps,  that  the  tower  of  itself 
serves  as  an  ordinary  beacon,  which  is  often  erected  without 
any  lighting  apparatus  whatever,  on  dangerous  shoals,  rocks, 
etc. 


THE  PLANET  SATURN. 

(continued.) 

BY  THE  REV.  T.  W.  WEBB,  A.M.,  F.R.A.S. 

We  now  proceed  in  our  examination  of  the  Saturnian  system 
to  the  inner  of  the  two  bright  rings. 

II.  Ring  B. 

1.  Dimensions,  Though  inferior  to  the  outer  ring  in  com¬ 
pass,  this  has  the  advantage  in  point  of  breadth.  2  (1826) 
gave  its  exterior  and  interior  diameters  34"* *475  and  26//,668; 
De  la  Rue  (1854)  33"*45;  26"-91 ;  Jacob  (1856)  34"*859  ; 
26"*271.  A  mean  of  these  (34"‘261  ;  26//,616)  makes  its 
breadth  3//#822,  which  represents  in  round  numbers*  16,000 
miles,  the  widest  known  plane  in  the  universe,  and  more  than 
twice  the  diameter  of  the  earth ;  so  that  its  appearance  gives 
us  an  idea  of  the  diminutive  aspect  of  our  globe  at  a  similar 
distance.! 

2.  Reflective  power.  This  varies  greatly  in-  different  parts. 
Eor  a  short  distance  from  the  outer  edge  it  is  highly  luminous, 
much  surpassing  the  brightness  of  A ;  usually  equalling  that 
of  the  equatorial  zone  upon  the  planet  (Dawes,  1851,  Oct.  26; 

*  An  approximate  estimate  is  preferred  in  this,  as  in  the  previous  paper,  to 
a  precisely  expressed  value.  It  is  desirable  to  give  micrometrical  measures  in 
their  completeness,  to  do  justice  to  the  observers  ;  but  the  practice  of  deducing 
from  them  results  in  single  miles,  or  sometimes  hundreds  of  miles,  can  only  mis¬ 
lead  the  inexperienced  student,  by  conveying  an  impression  of  exactness  which 
never  has  been  attained,  and  is  in  fact  not  attainable. 

t  Not,  however,  the  aspect  of  the  earth  from  Saturn,  which  would  be  still 
more  insignificant,  as,  when  at  mean  distance,  it  would  appear  only  half  en¬ 
lightened,  and  when  circular,  being  further,  would  be  seen  still  smaller,  if  the 
neighbourhood  of  the  sun  did  not  render  it  invisible. 
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Bond  II.,  1852,  Oct.  28,  Nov.  3;  Coolidge,  1857,  Jan.  30) ; 
and  sometimes  even  exceeding  it  (Schwabe,  1841  to  1846; 
Coolidge,  1857,  Mar.  16,  26).  This,  though  probably  change¬ 
able  in  extent  and  degree,  seems  to  be  on  the  whole  a  per¬ 
manent  characteristic ;  if,  as  is  likely,  it  caused  Hook,  as  far 
back  as  1666,  and  Cassini,  ten  years  later,  and  If  in  1806,  to 
consider  the  ring  (taken  as  a  whole)  brighter  than  the  globe  ;* 
the  observation  of  the  latter  being  made  in  connection  with  a 
remark  which  may  be  of  practical  value — that  slight  differences 
in  brightness  are  well  brought  out  by  pushing  magnifying 
power  so  far  that  light  begins  to  fail.  I  thought  the  superior 
luminosity  of  the  exterior  part,  with  3’7-inch  aperture,  more 
decided  in  Nov.  1853,  than  in  subsequent  seasons  (1855-6-7, 
1860).  From  the  contrast  thus  produced,  or  possibly  from  a 
difference  of  structure,  a  peculiar  distinctness  has  been  re¬ 
marked  about  its  exterior  outline;  as  far  back  as  1722, 
Hadley  noted  with  his  5J-feet  reflector  that  Balks  division 
was  stronger  next  the  body,  and  fainter  on  the  outer  park'’ ; 
and  Secchi  found,  1854,  Nov.  19,  that  his  power  of  1000, 
while  softening  all  the  other  lines,  left  this  still  of  extraordinary 
sharpness.  From  this  peculiarly  luminous  zone,  which  has  no 
definite  interior  boundary,  the  light  fades  away  across  the 
breadth  of  the  ring;  but  the  degree  and  the  circumstances  of 
this  fading  are  so  uncertain  that  they  properly  fall  under  the 
next  head ;  where  also  might  be  placed  the  singular  irregu¬ 
larities  of  the  outer  edge,  already  mentioned  in  describing 
Balks  division. 

3.  Subdivisions  and  Variations.  A  heterogeneous  com¬ 
position  is  even  more  distinctly  marked  in  this  ring  than  in  its 
neighbour,  and  the  evidence  of  temporary  alteration  is  at  least 
equally  strong.  The  first  intimation  of  anything  like  a  secon¬ 
dary  division  in  any  part  of  the  ring- system  was  given  by  ]jJE 
in  1780.  June  19  and  20,  he  saw  with  a  7-feet  Newtonian, 
“  a  second  black  list,”  close  to  the  inner  jp  edge.  21  and  26, 
it  was  still  visible  in  the  same  position,  with  a  20-feet  reflector, 
even  when  reduced  to  7- inch  aperture  ;  29,  though  the  belts 
were  very  clear,  it  had  disappeared.  It  was  nearer  the  inner 
edge  of  B,  than  the  breadth  of  A,  and  his  figures  represent  it 
l~  or  \  of  the  width  of  Balks  division.  This  observation 
attracted  much  less  attention  than  was  its  due,  considering  the 
want  of  symmetry  and  of  permanency  which  were  thus  both 
at  once,  for  the  first  time,  made  known  in  the  structure  of  the 
ring,  and  which  may  possibly  give  us  the  chief  aid  to  be 
expected — if  any  aid  may  be  available — towards  its  real  inter¬ 
pretation.  After  a  long  interval,  during’  which  it  seems  to 

#  The  superior  brightness  of  B,  as  compared  with  the  globe,  had  been  recog¬ 
nized  by  Hadley  with  his  reflector  in  1722. 
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have  been  nearly  forgotten,  the  phenomenon  turned  up  again, 
1837,  April  25,  under  the  eye  of  Encke  at  Berlin.  In  viewing 
Saturn  with  a  power  of  400  in  the  9* 6 -inch  achromatic  there, 
he  not  only  rediscovered  one  of  Short's  divisions  on  ring  A, 
but  perceived  for  the  first  time  a  number  of  fine  lines  on  the 
ansse  of  B,  parallel  to  its  interior  edge,  and  intersecting  the 
whole  breadth  of  the  dusky  shading  (not  real  shadow )  which, 
as  will  presently  be  described,  overspreads  the  interior  of  this 
ring ;  and  which  Encke  found  most  conspicuous  on  the  W. 
ansa.  May  20,  however,  though  the  division  of  A  was  clearly 
seen,  these  fine  lines  could  not  be  made  out.  In  consequence 
of  this  announcement,  De-Vico  at  Rome,  in  the  following  year, 
turned  the  6* 3 -inch  Cauchoix  achromatic  upon  Saturn,  and 
saw,  May  29,  and  occasionally  for  two  months  afterwards,  not 
only  the  subdivision  upon  A,  but  two  still  narrower  lines  on 
B,  of  which  usually  that  next  the  planet  was  most  distinct 
when  the  other  two  were  less  defined.  1839,  last  week  in  May, 
the  same.  1842,  he  stated  that  they  had  never  been  all  visible 
at  once  on  both  ansas.  1843,  July  19  and  Aug.  2,  five  divi¬ 
sions  (including  Bali's)  were  clearly  seen.  Sept.  7,  when 
Dawes  and  Lassell  observed  Encke's  division  on  A,  they  could 
find  none  on  B.  The  next  mention  we  meet  with  is  by  Bond 
II.,  1850,  Oct.  10,  who  was  “  almost,  though  not  fully,  satis¬ 
fied  "  that  there  was  a  subdivision  near  the  inner  edge  of  B. 
Nov.  11,  he  was  very  confident  of  it.  So  again,  1851,  Jan.  7, 
admitting,  however,  that  it  might  be  merely  a  dark  spot  or 
shading.  Sept.  5,  Tuttle  (with  the  same  instrument)  saw  it 
almost  certainly,  nearer  the  outer  than  inner  edge.  1 852,  Feb., 
Bond  II.  saw  it  either  as  a  division  or  dark  shading,  near 
inner  edge,  on  many  nights.  1855,  Jan.  9,  Coolidge  perceived 
very  plainly  on  the  ansae,  three  or  four  fine  dark  lines  or  divi¬ 
sions,  close  to  inner  edge.  Inferior  atmospheric  conditions 
would  of  course  obliterate  these  delicate  details;  but  their 
intrinsic  mutability  may  be  inferred  from  such  statements  as 
the  following:  1851,  Sept.  15,  Hartnup,  with  8|-inch  in  very 
fine  air,  examined  the  planet  for  three  hours  with  powers  up 
to  1100,  but  could  detect  no  other  than  the  primary  division. 
Coolidge,  1855,  Dec.  6,  vision  exceedingly  good ;  powers  up 
to  1243.  1857,  Jan.  30,  Mar.  4,  very  fine  definition  ;  no  trace 

of  divisions.  Mar.  16,  definition  quite  good;  not  the  slightest 
trace.  But  besides  these  hair-lines,  there  is  a  general  shading, 
extending  from  the  neighbourhood  of  Ball's  division  down  to, 
or  nearly  to,  the  inner  edge,  and  usually  increasing  in  depth 
as  it  approaches  it;  its  dusky-red  or  brown  tint,  extending 
over  at  least  \  B,  was  noted  by  Bond  II.,  1852,  Nov.  3. 
Much  latitude  must  be  claimed  for  different  apertures  and 
judgments  in  fixing  the  extent  of  this  shade,  or,  what  is  the 
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same  thing,  the  breadth  of  the  luminous  zone  into  which  it 
melts  before  reaching  the  outer  rim ;  but  with  every  allowance 
it  seems  variable  in  extent.*  ¥  in  1794,  and  Morton  with 
Lord  W rottesley’s  7f-inch  achromatic  in  1857,  commenced  the 
fading  about  half-way.  So  Coolidge,  1857,  Jan.  30;  Bond  II., 
Mar.  4;  Lassell,  Sept.  9,  10,  12.  But  Tuttle,  1851,  Oct.  20; 
Coolidge,  1857,  Feb.  12,  14;  Mar.  4,  16;  Lassell,  1858,  April 
17,  gave  the  brighter  zone  but  4.  Dawes,  1851,  Oct.  26, 
1852,  Sept.  25,  J;  while  Nov.  29,  Bond  I.  estimated  it  as 
narrow  as  O'^h.  It  is  also  shown  very  narrow  in  the  two 
designs  of  De  la  Rue,  1852,  1856. 

A  more  curious  fact,  however,  now  comes  before  us. 
Though  frequently  overlooked  by  the  best  observers  and  under 
the  best  circumstances,  as  sometimes  happens  with  sufficiently 
evident  phenomena  before  attention  has  been  called  to  them, 
yet  there  can  be  no  doubt  that  this  shade  consists  of  a  number 
of  narrow  concentric  bands.  This  seems  to  have  been  first 
distinctly  described  by  Tuttle  and  two  others,  1851,  October  20, 
the  definition  being  admirable :  though  on  this  occasion  the 
division  on  A  was  not  seen  with  141,  and  with  that  power 
those  on  B  were  like  a  dark  spot,  861  drew  them  out  like  a 
series  of  waves — a  number  of  narrow  bright  rings  separated 
by  equally  narrow  dark  spaces,  extending  over  f-  of  B,  and 
even,  though  less  defined,  very  near  to  its  outer  edge.  Whether 
the  narrow  dark  streaks  here  described  may  be  identical  with 
the  minute  black  lines  of  Encke  and  De-Vico  may  be  proble¬ 
matical;  the  latter,  however,  is  very  careful  (1841)  to  point  out 
the  difference  between  certain  dusky  belt-like  traces  upon  B, 
and  the  extremely  minute,  black,  and  sharp  subdivisions. 
They  were  also  independently  discovered  about  the  same  time 
by  Dawes,  who,  after  some  previous  suspicions,  made  them  out 
clearly  with  6’3-inches,  October  26,  arranged  in  a  series  of 
narrow  concentric  bands,  extending  about  4  of  the  breadth  of 
B ;  four  could  be  distinctly  recognized,  each  somewhat  darker 
than  the  next  exterior  one,  like  steps  leading  down  to  the  dark 
chasm  within.  He  considered  them  probably  separate  rings, 
but  too  close  for  their  divisions  to  be  distinguishable.  1852, 
Sept.  25,  he  saw  a  streakiness  again,  and  about  this  time 
Lassell  found  B  shaded  in  rings  like  a  number  of  infinitely 
fine  divisions,  or  in  terraces  like  an  amphitheatre.  1854,  Nov. 
26,  Dawes,  with  7^ -inches,  observed  that  the  duskiness  was 
not  continuously  progressive ;  within  the  very  bright  outer- 
zone  was  a  narrow  light  shade,  then  a  brighter  stripe,  then 
one  considerably  darker,  and  then  a  much  darker  one  reaching 

*  The  different  estimates  of  its  comparative  brightness  already  mentioned,  are 
more  equivocal,  since  any  variation  might  be  as  well  ascribed  to  the  equatorial 
belt  on  the  globe,  as  to  the  zone  on  the  ring. 
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nearly  to  tlie  inner  edge,  where  was  a  very  narrow  bright  line. 
So  again,  Dec.  7,  and  1855,  Jan  10,  with  some  doubt  as  to  the 
uniformity  of  the  second  lighter  band  from  the  outside.  This 
description  nearly  corresponds  with  De  la  Itue;s  drawing  of 
Nov.,  1852  (in  the  one  of  1856  the  shading  is  continuous), 
1854,  Nov.  19,  Secchi  found  a  similar  appearance,  distinguish¬ 
ing  four  bands  at  least,  sometimes  more ;  and  he  has  recorded 
such  abrupt  shadings  1855,  Dec.  15,  24;  1856,  April  2,  25. 

1856,  March  20,  Coolidge  found  four  or  five  narrow  divisions, 
giving  the  shaded  part  a  wavy  appearance.  1857,  Feb.  12, 
the  shading  was  not  uniform,  and  more  plainly  seen  p  than  f ; 
14,  the  same.  March  26,  shading  not  uniform,  though  without 
distinct  waves.  1858,  April  17,  Lassell  saw  it  in  bands. 

The  mutability  sufficiently  indicated  in  some  of  these 
accounts  is  very  clearly  marked  by  the  aspect  of  the  inner 
edge.  Kater,  about  1826,  received — -no  doubt  from  its  faint¬ 
ness — the  impression  as  of  a  rounding  off  of  this  part;  and 
S  I.,  when  his  measures  were  taken  at  Dorpat  in  that  year, 
noted  that  this  edge  was  not  only  pale,  but  less  defined, 
whence  he  inferred  that  it  might  be  less  regular  than  the 
other.  This  comparative  duskiness  was  also  remarked  by 
Bond  II.,  1850,  Nov.  15,  when  he  perceived  in  measuring  that 
“  it  was  difficult  to  decide  where  its  inner  edge  terminated/'’* 
though  with  better  definition  than  ever  previously,  and  power 
401  :  by  Secchi,  1855,  Dec.  16,  when  he  found  a  reddish  and 
dusky  tint  in  this  part,  not  brightening  at  the  edge;  1856,  Feb. 
4,  when  the  interior  boundary  was  “difficile  et  ev anouiss ant,”  the 
bright  border  of  Dawes  he  expressly  states  being  not  visible, 
though  he  saw  the  planet  “  d  merveille  Men;”  and  by  Coolidge, 

1857,  March  4,  who  saw  with  very  fine  definition,  under  688, 

the  inner  edge  certainly  not  lighter.  But  at  other  times  the 
contrary  has  been  recorded.  Thus,  1851,  Oct.  26,  Dawes  found 
a  brighter  band  at  the  bottom  of  his  descending  steps,  making 
the  very  narrow  and  dark  one  next  to  it  look  almost  like  a 
division  in  the  ring.  1 852,  Sept.  25,  he  caught  this  portion 
much  brightened  up,  though  in  an  extremely  narrow  line,  with 
a  dark  distinct  shading,  like  a  sharply  defined  belt,  outside  of 
it;  which  latter  he  repeatedly  distinguished  again,  1855-6. 
1852,  Dec.  6,  Lassell  at  Malta  saw  a  bright  line  at  this  rim, 
plainer  p  than  /.  1853,  Dec.  15,  Tuttle  calls  it  perfectly 

defined,  not  worth  transcribing  for  this  expression,  but  for  the 
curious  addition  that  near  the  inner  edge  B  has  a  reddish  or 
copper-coloured  tint,  and  has  an  appearance  of  mist  or  vapour. 
1854,  Nov.  26,  Dawes  describes  a  very  narrow  bright  line,  far 
less  decided  than  in  1851  and  1852,  which  became  broader 

*  This,  it  will  be  noticed,  was  the  date  of  the  recognition  of  the  inner  dark 
ring. 
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and  less  bright  in  1855-6.  1855,  Jan.  7,  Secchi  found  this 

edge  reddish,  and  separated  from  the  rest  of  B  by  a  dusky 
zone,  of  light  slate-pencil  tint.  March  18,  it  was  brighter. 
Dec.  24,  rim  a  little  brighter  and  well  defined,  as  Lassell  had 
found  it  three  days  before.  And  in  each  of  De  la  Rue's 
engravings  this  edge  is  strongly  marked  by  a  very  narrow 
white  zone.  To  the  above  may  be  added,  for  the  encourage¬ 
ment  of  the  possessors  of  small  apertures,  that  with  3*  7-inches, 

1853,  Nov.  2  and  17,  in  ignorance  of  all  the  above  except  IjE's 
observation,  I  glimpsed  a  dusky  mark  on  the  /  ansa,  about  J 
of  the  breadth  from  the  inside,  which  I  believe  was  due  to  the 
brightening  up  of  the  edge  within  it.  I  traced  it  again,  1855, 
Jan.  27,  Feb.  7,  Nov.  14  (very  certain) ;  at  other  times  it  was 
difficult  or  doubtful.  A  still  stronger  proof  of  incidental  change 
occurs  in  the  curious  observation  of  Schumacher,  who  noticed, 
some  time  after  1820,  on  five  or  six  evenings,  with  a  6-feet 
achromatic,  the  inner  edge  sharp  on  the  left  or  p  side,  but  ill- 
defined  on  the  other,  with  which  2  I.,  he  says,  concurred. 

1854,  Mar.,  with  72-inches,  and  1855-6,  with  8-inches  repeat¬ 
edly,  Dawes  saw  the  same  thing,  the  E.  edge  remarkably  less 
distinct  than  W.,  and  this  was  once  independently  noticed  by 
another  person. 

We  now  leave  ring  B,  to  take  in  hand  the  most  extraordi¬ 
nary  part  of  this  whole  system,  the 

Daek  Ring,  C, 

or  gauze  or  crape  veil,  as  it  has  been  called — one  of  the  most- 
singular  discoveries  of  modem  times.  Where  it  is  projected 
as  a  dusky  zone  on  the  body  of  the  planet  it  is,  indeed,  nothing 
new,  and  in  all  probability  has  been  seen,  under  the  mistaken 
guise  of  a  belt,*  from  very  ancient  days.  This  is  evident  from 
many  of  the  older  figures.  Cassini  II.  showed  in  1715  that  it 
was  too  little  curved  to  be  adherent  to  the  ball ;  and  Hadley 
also  seems  to  have  had  some  idea  that  it  was  not  a  belt  on  the 
globe,  since  it  still  attended  the  ring  when  the  projection  of 
this  removed  to  other  Saturnian  latitudes,  though,  as  he  con¬ 
vinced  himself,  it  was  not  real  shadow.  But  the  case  is  very 
different  as  to  the  interior  of  the  ansae,  where  nothing  is 
behind  it  but  the  sky.  How,  on  so  dark  a  background,  it 
could  have  so  long  escaped  detection,  it  is  truly  difficult  to 
conceive,  excepting  upon  the  supposition  of  an  increase  in  its 
reflective  power.  It  is  not  now  an  object  of  extreme  or  per¬ 
plexing  faintness,  even  in  telescopes  of  but  moderate  size.  It 
was  seen  distinctly  (1853,  Oct.  20)  by  several  persons,  and 

*  Or  perhaps  of  a  shadow  cast  by  the  bright  ring,  as  mentioned  by  several  of 
the  early  observers. 
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would  have  been  discovered  by  one  of  them,  who  seems  not  to 
have  previously  known  of  its  existence — with  Mr.  Burr’s  beau¬ 
tiful  achromatic  of  only  3f-inch  aperture.  It  is  sufficiently 
obvious  with  my  5'5-inch.  When  Hartnup  turned  upon  it  his 
81-inch  he  found  it  “  could  not  be  overlooked  for  an  instant 93 
(1851,  Sept.  15).  Where  was  it  when  Ijt  fixed  his  18  and 
48-inch  mirrors  upon  Saturn  during  so  many  years  of  a  long 
life  of  observation  ?  Where  was  it  when  Scflr.,  at  the  end  of 
the  last  century,  in  particularly  examining  this  region,  to 
ascertain  whether  the  ring  was  actually  disconnected  from  the 
globe,  found  with  19  inches  of  reflecting  surface  that  the 
interior  of  the  ansae  was  almost  always,  whether  by  night  or 
day,  or  moonlight,  slightly  darker  than  the  surrounding  sky,* 
and  without  any  trace  of  interior  light  ?  Where  was  it  when 
2  I.  scrutinized  and  measured  the  whole  system  so  repeatedly 
and  carefully  with  the  Dorpat  9'6-inch  achromatic  as  late  as 
1826,  and  noted  the  indistinctness  of  the  inner  edge  of  B — 
caused,  no  doubt,  by  its  unrecognized  presence  ?  Where  was 
it  when,  in  1830,  H.  got  that  view  of  Saturn  in  his  20-feet 
reflector,  mentioned  in  our  last  number,  such  as  he  never  again 
expected  to  obtain  ?  To  these  questions  we  can  give  no  answer. 

Before  this  latter  date,  however,  it  had  been  actually  seen 
at  the  Roman  observatory  :  at  least,  so  Secchi  was  told  by  an 
old  assistant  there,  who  remarked  that  it  had  been  noticed 
after  they  mounted  the  6'3  Cauchoix  achromatic  in  1828,  “sans 
toutefois  en  discuter  ou  relever  la  nature  et  la  constitution 
physique.”  There  is  little  difficulty  in  admitting  testimony  so 
endorsed,  but  very  great,  in  conceiving  the  state  of  mind  which 
treated  such  a  sight  with  unconcern.  They  did  not  deserve  the 
credit  of  the  discovery,  which  is  justly  awarded  to  Galle  at 
Berlin,  at  least  as  far  as  the  filling-in  of  the  dark  ansae  is  con¬ 
cerned.  This  he  noticed,  1838,  May  and  June,  and  again  1839, 
observing  that  the  inner  edge  of  B  was  ill-defined,  and  con¬ 
tinued  on  towards  the  ball  for  some  distance ;  but  he  seems 
not  to  have  detected  its  connection  with  the  dark  shade  across 
•the  ball.  His  announcement,  strange  to  say,  attracted  little  or 
no  attention  on  the  continent, f  and  was  elsewhere  unknown ; 
and  the  planet  subsequently  went  far  S.,  which  made  such 

*  That  this  peculiarity — the  result,  we  must  suppose,  of  contrast — was  not 
•due  to  any  fanciful  bias  in  the  mind  of  Schroter  is  evident  from  the  American 
observations ;  the  same  thing  having  been  noted,  1856,  March  17,  by  Coolidge 
and  Bond  II.,  and  again  by  the  latter,  March  31,  April  7. 

f  Beer  and  Madler,  though  they  had  been  observing  Saturn  regularly  at 
Berlin,  do  not  even  allude  to  it  in  their  “  Beitriige,”  pub.  1841.  Its  projection 
upon  the  globe  is  there  called  a  grey  belt,  so  similar  in  colour  to  the  shading  or 
the  interior  of  B,  as  to  lead  to  the  idea  that  each  may  be  a  collection  of  some  kind 
of  fluid  ;  two  perpetual  flood-tides,  one  round  the  equator  of  the  ball,  the  other 
round  the  inner  edge  of  the  ring.  They  could  detect  no  other  belt ;  Mr.  Grover 
has  seen  them  repeatedly,  and  well,  with  only  two  inches. 
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observations  more  difficult,  and  they  were  not  renewed  till 
1850,  Oct.  10,  when  Bond  recorded  that  inside  of  B  there 
was  a  feeble  illumination  before  noticed,  but  not  accounted  for ; 
11,  it  was  better  made  out ;  15,  Tuttle  suggested  the  idea, 
which  commended  itself  at  once,  of  an  interior  dusky  ring. 
Nov.  25,  before  this  news  had  been  received  in  England, 
Dawes  made  the  same  discovery,  perceiving  on  the  spot  its  true 
character ;  and  it  has  since  been  always  seen  with  sufficient 
apertures  in  favourable  air. 

1.  Dimensions.  Galle  measured  it,  1839,  (6  nights),  2//*  125.. 

Dawes,  1850-51  (mean  of  22  measures),  1//,941.  2  II.,  1851, 

2//,035.  Hence  its  breadth  comes  out  about  8500  miles,  more 
than  the  diameter  of  the  earth.  Some  differences  in  its 
apparent  extent  will  be  subsequently  mentioned ;  and  the 
question  of  its  thickness  will  recur  hereafter. 

2.  Partial  Transparency .  This  very  curious  fact  was  dis¬ 
covered  independently  in  various  quarters  about  the  same  time, 
in  the  autumn  of  1852.  Sept.  22,  Jacob  speaks  of  seeing  the 
planet  through  it  as  through  a  film  of  smoke.  Sept.  25, 
Dawes  first  inferred  it  from  the  want  of  blackness  in  its  shadow 
on  the  ball,  which  was  not  distinguishable,  except  as  making 
the  whole  projection  appear  too  broad;  afterwards  he  detected 
the  globe  through  it.  About  a  month  subsequently,  Lassell 
traced  the  limbs  readily  through  it,  and  De  la  Hue  drew  it  so 
about  that  date.  Other  observers  were  considerably  later ; 
but  it  is  just  the  kind  of  thing  that  might  not  be  seen  till  it 
was  looked  for.  In  estimating  the  degree  of  transparency,  the 
valuable  remark  of  Dawes  must  be  remembered,  that  we  see 
the  ball  by  light  which  has  passed  through  the  ring  twice,  and 
has  suffered  double  loss.  But  whatever  may  be  the  amount  of 
light  by  which  the  ring  is  seen,  there  is  evidence  that  it  is  not 
phosphorescent  but  reflected,  in  the  fact  that  it  is  invisible 
where  it  lies  in  the  shadow  of  the  ball,  as  seems  to  have  been 
first  noticed  by  De  la  Rue,  1851,  Aug.  13. 

3.  Colour.  Its  real  tint  is  only  shown  upon  the  black  back¬ 
ground  of  the  sky,  where  it  is  generally  described  as  of  a  slaty 
hue  (Hind,  undoubtedly  light  purple,  1853,  Jan.  9).  Where 
its  own  light  is  intermingled  with  that  of  the  ball  seen  through 
it,  its  tint  is  of  course  not  merely  lighter  but  compound  ;  here 
it  is  generally  spoken  of  as  a  dusky  grey. 

4.  Subdivisions ,  and  Variations  of  different  kinds.  .  The 
appositeness  of  Dawes^s  remark,  that  if,  as  he  thought  likely 
from  its  situation  and  small  reflective  power  (its  transparency  had 
not  then  been  noticed),  it  was  of  a  fluid  nature,  its  conditions 
might  be  very  variable,  and  it  might  be  subject  to  changeable 
divisions,  will  be  found  very  evident.  It  is  not.  even  certain 
whether  it  is  permanently  separated  from  the  adjacent  bright 
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ring.  The  effect  of  strong  contrast  no  doubt  makes  the  obser¬ 
vations  difficult,  and  there  is  little  uniformity  in  the  record  of 
them.  1850,  Nov.  15,  Tuttle,  at  its  first  discovery  as  a  ring , 
saw  inside  (?)  of  C  very  sharp,  but  not  detached  from  B ;  a 
rather  unintelligible  description  (repeated,  however  in  substance 
by  Bond  I.,  1852,  Nov.  29,  and  Coolidge,  1855,  Dec.  6).  Dec.  3, 
Lassell  with  Dawes^s  telescope  saw  a  dark  ill-defined  boundary  : 
Dawes  saw  it  also  this  season.  1851,  autumn,  %  II.  perceived 
not  the  slightest  trace  of  division,  nor  Secchi,  Sept.  2.  Dawes, 
Sept.  11,  Oct.  26,  saw  a  distinct  black  line;  again  1852,  Sept. 
20.  Sept.  25,  a  division,  rarely  visible,  of  not  half  0//#3  as  he 
at  first  thought.  1853,  Oct  24,  an  exceedingly  narrow  line  at 
times.  Dec.  15,  Bond  II.,  no  interval.  1854,  Secchi,  ditto. 
1855,  Jan.  5,  Feb.  21,  division  well  seen.  Nov.  15,  Dawes, 
y>,  only.  Dec.  16,  Secchi,  about  i  width  of  Balks,  but  possibly 
from  contrast.  24,  about  f  Balks.  1856,  Feb.  4,  very  marked; 
9,  ditto,  about  equal  to  Balks,  broadest  /.  1857.  Mar.  4,  16, 

26,  Coolidge,  no  trace  of  separation. 

Another  variation.  During  the  autumn  of  1851  a  black 
-division  was  certainly  and  easily  seen  upon  each  ansa  of  C, 
and  its  situation  measured,  by  S  II.  In  the  winter  of  1 852 
he  could  not  find  it.  De  la  Hue  had  not  seen  it,  1851,  Aug.  13, 
nor  Lassell,  Sept.  9,  10,  12.  1852,  Oct.,  Jacob  speaks  of  a 

suspicion  of  a  sort  of  scalloping  on  the  ansae  of  C,  like  the  fold 
of  a  curtain.  1853,  Jan.  9,  Hind;  1857,  Feb.  12,  Coolidge, 
found  no  division. — Again.  In  the  winter  of  1850,  Dawes  per¬ 
ceived,  by  means  of  observations  in  the  progressively  fading 
twilight,  that  C  consisted  of  two  zones  of  unequal  visibility  and 
breadth,  divided  by  an  extremely  narrow  line,  the  exterior 
and  brighter  part  occupying  B  the  two  together  1,  of  the  dis¬ 
tance  from  B  to  the  ball;  and  this,  excepting’  the  narrow 
division,  he  confirmed  in  the  autumn  of  1851. — 1852,  Oct., 
Lassell,  during  an  exquisite  view  at  Malta,  could  not  catch  a 
•  glimpse  of  %  II/s  division,  or  Dawes^s  zones  ;  the  surface  being 
quite  uniform;  and  so  again,  in  a  very  fine  view,  1858,  April 
17,  and  Secchi,  1854,  Nov.  A  degradation  of  brightness 
Inwards  has,  however,  been  noticed  at  other  times,  not  only  by 
Dawes,  1853,  Oct.  24,  Nov.  2,  and  1855;  but  Hartnup,  1851, 
Sept.  15  ;  Hind,  1853,  Jan.  9;  Secchi,  1856,  Feb.  9,  certainty 
being  given  in  the  latter  case  by  the  favouring  presence  of 
twilight ;  C  being  visible  in  the  Roman  sky  with  9i-inches  just 
after  sunset  !*  On  the  contrary,  1851,  Sept.  5,  Bond  I.  saw  it 
less  bright  next  to  B  (contrast  ?). 

*  Thus  on  the  night  of  its  first  discovery  as  a  ring  by  Tuttle  (1850,  Nov.  15), 
it  was  seen  through  thin  clouds,  only  8^  or  10°  from  the  moon  ;  and  in  a  similar 
way  Lassell  found  the  contrast  of  brightness  far  more  striking  between  A  and  B 
before  sunset.  Such  is  the  working  of  large  apertures. 
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Remarkable  anomalies  in  breadth,  are  also  well  established. 
The  general  proportion  assigned  to  it  in  both  worlds  from  the 
first  discovery*  has  been  a  little  more  or  less  than  half  the 
width  of  the  opening.  Hartnup,  1851,  Sept.  15,  gave  it  full 
■J,  or  \  to  •§-.  Fletcher,  Nov.  12,  4- ;  but  this  was  doubtless 
merely  Dawes’s  brighter  zone.  Lassell,  1852,  autumn,  certainly 
more  than  f,  barely  //.  Hind,  1853,  Jan.  9,  Secchi,  1854, 
Jan.  6,  as  four  to  three,  or  three  to  two.  Weather  and  vision 
might  influence  all  this,  and  any  observation  relating  to  the 
whole  ring  at  once.  Yet  it  looks  suspicious  when  Coolidge 
tells  us,  1857,  Feb.  12,  that  having*  always  previously  seen  it 
not  quite  he  found  it  fully  J  or  more ;  14,  fully  but  on  one 
side  only;  Mar.  4,  16,  not  quite  |.  But  stronger  cases  follow, 
implicating  breadth  with  density,  which  possibly  affects  the 
extent  of  its  partial,  or  even  general,  visibility.  1850,  winter, 
Secchi  always  found  it  “plus  nette  et  plus  claire/’  p.  1854, 
Hippisley’s  9J-inch  mirror  showed  it  more  transparent  p 
than  f.  1856,  Mar.  27,  Coolidge  found  it  darker  than  usual 
across  the  ball.  April  1,  with  unequalled  definition,  darker  f 
thanp>.  1857,  Feb.  12  (the  first  night  when  an  increased 
breadth  was  noticed) ,  much  easier  seen  f  than  p,  where  it  was 
quite  difficult  of  definition  from  its  darkness.  Yet  its  tint  was 
uniform  across  the  globe,  and  its  inner  edge  was  sharp.  It  is 
worthy  of  remark  that  no  observer  has  ever  hinted  at  any 
defect  in  this  respect,  as  though  it  might  extend  itself  im¬ 
perceptibly  towards  the  ball.  Assertions  to  the  contrary  are 
frequent  in  all  quarters,  and  Coolidge  even  speaks  of  it,  1855, 
Dec.  6,  as  sharp  with  a  power  of  1243  !  Feb.  14,  much 
plainer  f  than  p,  where  it  was  quite  dark ;  but  colour  uniform; 
edges  sharp,  and  transparency  great.  Mar.  4,  equally  seen 
on  both  sides,  quite  sharp  against  sky,  but  less  defined  on 
globe ;  less  than  \  broad,  16,  quite  light  across  ball,  and 
darker  than  last  year  on  sky ;  possibly  from  atmosphere  [more 
probably,  increased  transparency  ?]  .  26,  at  least  as  bright  and 

distinct p  as/.  Schwabe,  who  had  watched  it  from  1851  to 
1857,  with  a  6-foot  achromatic,  and  considered  it  brighter  in 
the  centre  than  at  either  edge,,  thought  it  scarcely  ever  of 
equable  light,  but  composed  of  brighter  and  fainter  parts,  o 
irregular  breadth,  and  as  if  formed  of  cloudy  condensations , 
commonly,  but  not  invariably,  broader  and  more  distinct  p. 
3  II.,  1857  (1856  ?)t  states  that  its  breadth  that  spring  was 
double,  or  at  least  1*6,  /.  “This  feature  was  so  striking  on 
Mar.  20  that  it  could  be  seen  even  by  unpractised  observers  on 
the  first  glanced'’  1858,  winter,  Noble  saw  it  especially  bright 

*  The  impression  that  it  was  seen  very  narrow  at  first  m  America  arose  from  a 

bad  engraving.  , ,  __  xr  .  -vr.  R 

f  Tor  the  cause  of  this  ambiguity,  see  Monthly  Notices^  vol.  xvu.  JNo.  o. 
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p*  1863,  Mar.  26,  Carpenter  perceived  the  dark  space  much 
contracted  in  the  Greenwich  transit- circle,  and,  with  the  large 
equatoreal,  found  a  great  increase  in  the  brightness  of  C,  which 
appeared  “  nearly  as  bright  as  the  illuminated  ring,  and 
might  easily  have  been  mistaken  for  a  part  of  it.”  Under 
this  head  we  may  include  two  observations,  possibly  indicating 
unusual  transparency ;  by  Jacob,  1852,  Sept.  22,  when  it  was 
umber-brown  on  the  ball,  though  slaty  off  it ;  and  Bond 
II.,  1856,  Feb.  28,  who  found  the  planet  seen  through  it 
yellowish  or  orange.  And  although  its  tint  is  generally  de¬ 
scribed  as  quite  uniform,  especially  by  Be  la  Rue,  1851,  Aug.  13, 
and  Secchi,  1854,  Nov.,  yet  it  was  seen  mottled  by  Hartnup,. 
1851,  Sept.  15,  and  Lassell,  1853,  Jan.  12. 

But  there  is  another  strong  and  curious  proof  of  instability, 
in  its  change  of  hue.  This  may  sometimes  affect  the  whole 
ring,  for  Dawes  describes  it  as  rather  brown,  *1853,  Oct.  24, 
and  Secchi,  1855,  Dec.  5,  24,  reddish,  though  at  other  times 
decidedly  bluish,  and  27,  more  blue  than  usual.  But  observa¬ 
tions  are  more  frequent  of  partial  contrast  in  the  two  ansae. 
This  was  first  recorded  by  Secchi,  1851,  Sept.  2,  when  it  was 
ruddy  and  more  distinct  p,  bluish  f.  Oct.  26,  do.  f.  being  the 
broader.  Lassell  perceived  it  independently  and  with  certainty,, 
and  detected  its  alternation,  1852,  when  Dec.  28,  and  1853, 
Jan.  6,  25, p  was  bluish  grey,  /  brown  ;  Jan.  12,  28,  Feb.  3,  the 
same  tints  reversed.  1853,  Oct.  25,  Dawes  saw  p  the  browner, 
and  though  Secchi  expressly  noted  an  uniform  tint,  1854,  Jan. 
7,  and  Dawes,  Sept.  26,  yet  Dec.  26,  the  latter  saw  /  ruddier 
than_p,  and  1855,  Jan.  10,  rather  ruddy  p,  slate-coloured  /I 
Nov.  27,  Lassell  found  p  brown,  f  grey.  1856,  Jan.  11, 
Secchi,  blue  fy  reddish  p,  with  a  special  change  of  achromatic, 
eye-pieces. t 

We  have  now  given  the  details  of  each  zone  in  succession. 
Some  facts,  however,  remain,  which  relate  more  properly  to 
the  ring  as  a  combined  system.  One  is  its  dimension  as  to 
thickness.  This  was  long  ago  perceived  to  be  exceedingly 
minute ;  astonishingly  so,  as  compared  with  its  outspread 
diameter.  The  plane  of  the  ring,  like  that  of  the  terrestrial 
equator,  being  at  once  considerably  inclined  to  that  of  the 
orbit,  and  nearly  parallel  to  itself  in  all  positions,  J  it  must,  in 
the  course  of  its  revolution  of  rather  more  than  twenty-nine  and 


*  (. Addendum  to  our  last  No.)  The  division  on  ring  A  was  glimpsed  by  this 
observer  with  4‘2-inches,  185S,  Jan.  13,  14. 

f  The  only  observation  of  the  kind  in  America  (1857,  Feb.  14)  was  due  to  a 
defective  eye-piece.  But  such  a  cause  is  very  easy  of  detection,  and  would  have 
been  as  readily  perceived  at  other  observatories,  if  it  had  existed. 

X  The  plane  of  the  ring,  like  that  of  our  equator,  is  subject  to  slight  pertur¬ 
bations  from  external  influence  j  but  these  are  of  no  importance  in  our  present 
view  of  the  subject. 
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a  half  years,  twice  pass  through  the  sun,  as  the  plane  of  the 
earth’s  equator  does  at  the  time  of  our  equinoxes.  At  these 
epochs  its  edge  alone  receives  the  solar  light,  and  we  can  there¬ 
fore  form  some  estimate  of  its  thickness.  As,  however,  our 
point  of  observation  is  not  in  the  sun,  and  the  plane  of  our 
orbit  does  not  coincide  with  that  of  the  orbit  of  Saturn, 
appearances  to  us  will  be  somewhat  varied.  If  the  earth,  at 
the  time  of  this  lateral  presentation  of  the  ring,  should  be  in, 
or  very  near,  the  plane  of  Saturn’s  orbit,  we  see  the  ring 
almost  exactly  as  we  should  from  the  sun.  This  does  not  often 
happen;  but  our  disadvantage  in  this  respect  is  more  than 
compensated  by  the  fact  that  the  obliquity  of  our  orbital  mo¬ 
tion  exhibits  to  us  the  illuminated  edge  of  the  ring’  alone 
in  positions  where,  had  we  been  in  the  sun,  we  should  have 
seen  a  considerably  greater  breadth  of  it.  For  there  are  three 
ways  in  which  we  may  see  nothing  but  the  edge;  either,  1,  be¬ 
cause  the  ring-plane  passes  through  the  sun,  when  the  edge 
alone  is  illuminated,  and  therefore,  whether  we  are  situated 
above,  in,  or  below  that  plane,  we  see  the  edge  alone ;  or,  2, 
because  that  plane  passes  through  the  earth,  when,  wherever 
the  sun  may  be  situated,  we  look  upon  nothing  but  the  edge  ; 
or,  3,  because  that  plane  passes  between  the  sun  and  earth, 
when  the  enlightened  side  is  turned  from  us,  and  though  we 
see  a  certain  breadth  of  the  ring,  yet,  excepting  across  the 
ball,  where  we  notice  a  black  line,  the  edge  is  the  only  visible, 
because  the  only  illuminated  part.  In  any  one  of  these  cases 
our  telescopes  ought  to  give  us  information  of  the  thickness  of 
the  ring;  but  so  marvellously  slight  is  that  extraordinary 
system  that  the  testimony  is  negative  rather  than  positive.  It 
has  been  stated  that  Ijl  never  lost  sight  of  the  ring ;  but  his 
expressions  do  not  necessarily  infer  uninterrupted  continuity. 
Schroter  lost  it  entirely  with  his  19-in.  speculum,  1803  ; 
H  with  18-in.,  1833;  Dawes  with  Lassell’s  24-in.,  1849. 
Granted  that  atmospheric  circumstances  must  render  such 
delicate  observations  very  precarious,  there  is  still  a  limit  to 
this  uncertainty,  and  we  readily  perceive  the  extreme  character 
of  the  attenuation.  The  American  observers  distinguished 
themselves  by  their  especial  attention  to  this  point  in  1848.  They 
were  well  provided  for  the  research,  having  the  command  of 
an  achromatic  by  Merz  with  a  focal  length  of  22'5-ft.,  and 
an  aperture  of  i4’95-in.,  the  whole  of  which  was  employed. 
Its  optical  perfection  was  such  that  on  rare  occasions  the  discs 
of  the  satellites  of  Jupiter  were  well  shown  with  a  (nominal  ?) 
power  of  2000,  and  double  stars,  0"*3  apart,  were  separated 
with  700  and  800  ;  the  fifth  star  in  the  trapezium  of  Orion  was 
visible  after  sunrise,  and  the  sixth  separated,  with  141,  from  its 
bright  neighbour.  The  result  was  a  very  interesting  one. 
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The  exact  passage  of  the  ring-plane  through  the  sun  could  not 
be  observed^  as  it  happened  about  noon;  September  3;  but  only 
fourteen  hours  afterwards  it  was  surprisingly  bright;  as  though; 
after  its  winters  night  of  fifteen  years;  it  had  been  covered 
with  snow.  The  first  passage  through  the  earth;  between 
September  12  and  13;  took  place  during  a  time  of  bad  defi¬ 
nition;  and  the  doubt  of  its  visibility  on  the  latter  night  is  of 
no  great  weight.  When  looked  for  a  few  hours  after  the 
second;  1849;  January  19;  it  had  already  acquired  a  sensible 
breadth.  But  there  were  two  long  observing  periods  from 
1848;  June  25  to  September  3;  and  from  September  13  to  1849; 
January  19;  during  which;  as  we  looked  on  the  dark  side;  it 
might  be  presumed  that  we  should  see;  through  part  of  its 
length;  only  the  illumination  of  the  outer  edge ;  and  the  gene¬ 
ral  result  of  forty  nights5  observations  was  that  the  thin  line 
of  light  was  never  wholly  lost  except  in  bad  weather;  and  with 
the  best  definition  was  occasionally  continuous;  though  not 
equable;  in  its  whole  extent ;  and  from  some  calculations  depen¬ 
dent  upon  the  proportion  of  the  apparent  brightness  of  the 
ring;  according  as  its  enlightened  or  unenlightened  side  was 
turned  towards  US;  they  considered  it  probable  that  its  thick¬ 
ness  was  less  than  0//=01;  under  forty  miles  !  It  must;  indeed; 
be  admitted  that  this  value  depends  upon  a  precarious  condi¬ 
tion — the  adequacy  of  an  eye-estimate  of  the  proportion  of 
brightness;  and  upon  the  assumption  that  the  edge  is  equally 
reflective  with  the  rest  of  the  ring.  But;  these  being  granted; 
there  is  no  room  to  question  the  conclusion.  If  we  adopt 
BesseFs  determination  of  the  mass  of  the  ring  (=  ttt)  *;  a 
density  of  material  would  follow  three  times  greater  than  that 
of  the  ball ;  and  as  this  would  increase  with  any  further  dimi¬ 
nution  of  thickness;  the  American  observers  conclude  that  it 
is  probably  not  thinner  than  this  limit.  It  may  be  easily  shown; 
at  any  rate;  that  no  fallacy  is  involved  in  the  idea  of  extreme 
attenuation.  The  disappearance  in  the  great  reflectors  of  IT. 
and  Schr.  would  alone  have  proved  this;  but  it  follows  equally 
from  Bond5s  observations;  in  which  it  evidently  reached  the 
minimum  visibile:  for  instance;  1848;  October  6y  “  under  admi¬ 
rable  definition/5  though  the  edge  of  the  ring  was  well  seen 
throughout;  it  inclined  to  “  a  beaded  and  broken  appearance/5 
especially  /;  October  7,  definition  exceedingly  fine ;  its  light 
appears  broken;  especially  f.  Nov.  22;  never  so  well  seen  before ; 
a  space  where  the  light  is  intercepted  on  each  side  (Bond  I.)  ; 
continuity  not  certain  (Bond  II.) f.  The  idea  of  less  reflective 

#  Jacob,  however,  thought  it  insensible  in  his  own  observations. 

f  The  ring  was  never  entirely  lost  in  May,  1862,  with  the  great  equatoreal  at 
Greenwich,  but  the  light  was  interrupted  and  deficient ;  and  the  same  seems  to 
have  been  the  case  (though  the  record  is  not  quite  clear)  with  the  still  larger 
instrument  at  Poulkowa. 
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portions  on  the  edge  being  in  this  last  case  excluded  by  the 
symmetrical  appearance,  it  is  evident  from  perspective  that  the 
narrowest  presentation  is  the  real  thickness.  Now  it  appears, 
from  the  observations  of  Jacob  and  Secchi  on  the  subdivisions 
of  ring  A  (see  our  last  number,  pp.  260,  261),  that  a  dark  line 
i"  or  tV"  broad  could  be  distinctly  seen  with  their  smaller 
means,  and  from  irradiation  a  bright  line  of  the  same  degree 
of  visibility  would  be  of  much  smaller  real  dimensions  still,  so 
that  even  by  this  rough  way  of  estimation  we  should  possibly 
arrive  at  a  thickness  of  -fa"  or  or  150  to  200  miles.  H., 
from  the  entire  disappearance,  in  1833,  in  a  reflector  which, 
must  have  shown  a  bright  line  of  Tu"  deduced  a  maximum  of 
250  miles.  This  gives  a  ratio  of  jfa*  to  the  diameter,  Bond^s 
being  Since  the  paper  on  which  these  remarks  are  printed 

may  be  taken  to  have  a  thickness  of  about  inch,  it  would 
require,  on  Hds  supposition,  a  circle  cut  from  it  of  inches — 
on  Bombs,  one  of  21  inches  in  diameter — to  represent,  in  a 
very  general  way,  the  limits  between  which  the  proportional 
thickness  of  this  astonishing  zone  must  be  comprised  ! 

A  phenomenon  already  alluded  to  requires  further  elucida¬ 
tion  in  this  place.  When  the  ring  is  thus  viewed  edgeways  it 
is  not  found  of  apparently  uniform  thickness  ;  and  the  more 
prominent  beads  or  globules  of  light,  of  which  there  are  gene¬ 
rally  two  on  each  side,  occupy  permanent  positions.  This 
appearance  was  referred  by  Schr.,  in  1802,  to  the  existence  of 
mountains  on  the  ring*,  especially  on  its  S.  surface,  100  miles 
in  height,  from  the  unchanged  position  of  which  he  inferred 
the  non-rotation  of  the  ring.  Olbers,  however,  explained  it,  to 
the  satisfaction  at  least  of  Harding,  Schrds  assistant,  by  the 
perspective  of  an  unequally  illuminated  circular  surface,  inclined 
gradually  less  and  less  to  the  direction  of  vision ;  for  as  it  is  fore¬ 
shortened  down  to  invisibility,  the  extremities  of  the  brightest 
zones  will  acquire  a  great  increase  of  proportionate  intensity 
where  they  are  doubled  back  upon  themselves,  and  from  the 
irradiation  common  to  all  luminous  objects,  will  appear  en¬ 
larged  and  continue  longest  in  sight.  This  would  account  in  a 
natural  and  easy  way  for  the  aspect  of  the  disappearing  ring ; 
but  it  fails  to  explain  the  existence,  which  is  indubitable,  of 
similar  inequalities  when  we  look  only  on  the  dark  side.  The 
American  observers  took  great  and  very  successful  pains  to 
clear  up  this  mysterious  appearance.  On  eight  nights  in  1848 
they  measured  the  position  of  some  or  more  of  these  brighter 
portions,  and  the  result  was  a  deviation  so  slight,  averaging- 
less  than  0//#2,  as  to  prove  their  symmetrical  arrangement; 
while  the  singularly  exact  accordance  of  their  distances  from 
Saturn  with  the  micrometric  dimension  of  the  rings,  showed 
#  If,  with.  H.  we  adopt  2  I.’s  value  of  ring  A,  the  ratio  will  be  ^5. 
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beyond  a  doubt  their  real  origin ;  they  were  'due  to  additional 
light  reflected  at  those  spots,  by  the  concurrence  of  the  outer 
and  inner  edges  of  ring  B  with  the  faint  line  representing  the 
exterior  rim  of  A.  The  following  designs  are  copied  from  their 
most  valuable  memoir ;  but  I  have  taken  the  liberty  of  omit¬ 
ting  ring  C,  both  from  the  diagram  and  its  explanation,  through 


an  impression  that  so  unreflective  a  material  could  hardly  be 
influential  enough  in  the  final  result  to  justify  the  additional 
complication.  It  must  be  borne  in  mind  that  this  design  is  an 
intentional  exaggeration  for  clearness*  sake,  representing  the 
dark  surface  much  more  expanded  than  it  ever  really  is,  and 
the  thickness  of  the  rings  many  (they  say  perhaps  10)  times  too 
great.  To  this  they  add  the  qualification  that  the  edges  should 
be  rounded  ;  and  I  should  be  inclined  to  suggest  another,  that 
A  may  probably  be  much  thinner  than  B,  so  that  its  inner  edge 
would  add  little  to  the  effect.  Comparing  then,  this  with  the 
following  diagram,  we  should  have,  1.  a  narrow  dark  band 


a 

_  .malt 

e 


d 


upon  the  planet,  slightly  curving  upwards,  and  consisting  of 
both  the  dark  side  of  the  ring  and  its  shadow  (the  latter  not 
inserted  in  the  first  diagram) ;  2.  the  outer  edge  of  A  visible 
throughout,  but  with  extreme  difficulty  when  alone,  as  between 
a  and  b,  and  c  and  d,  and  towards  e  and  f.  3.  Two  brighter 
portions  from  a  to  b,  and  from  j3  to  c,  where  the  light  of  A  is 
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reinforced  by  that  reflected  by  the  inner  edge  of  B.  4.  Two 
bright  knots  where  the  same  light,  strengthened  by  the  con¬ 
current  reflection  from  the  inner  edge  of  A  and  the  outer  of 
B  [the  latter,  it  may  be  presumed,  many  times  outweighing  the 
former],  reaches  us  through  the  opening  of  Ball's  division. 
This  the  Americans  considered  fully  satisfactory ;  the  curvature 
of  the  black  stripe  having  been  noticed,  and  estimated  at  0"*25 ; 
the  extremities  of  the  line,  and  the  beads,  falling  beneath  its 
direction,  as  from  the  diagram  they  ought  to  do,  and  the 
accordance  of  measures  fully  bearing  out  the  impression  of 
Nov.  3,  that  the  “interruptions  in  the  light  of  the  ring  are  so 
plainly  seen,  that  no  one  could  for  a  moment  hesitate  as  to 
their  explanation."  It  was  suggested  by  Dawes,  at  the  time 
of  the  discovery  of  ring  C,  that  B  might  possibly  be  thicker  at 
the  inner  edge,  which  would  fully  accord  with  this  idea.  Those 
who  think  that  the  darker  colouring  of  parts  of  B,  as  well  as 
of  A,  may  arise  from  greater  thinness  and  consequent  partial 
transparency,  may  still  suppose  that  the  back  of  the  exterior 
and  denser  part  of  B,  beyond  the  ball,  is  the  reflective  portion. 
It  seems  singular,  however,  that  C,  whose  projection  upon  the 
ball  is  so  obscure,  should  not  interfere  more  with  this  reflection, 
and  that  if,  as  Jacob  supposes,  Ball's  division  is  filled  by  a 
similar  material,  the  external  edge  of  B,  viewed  through  it, 
should  form  so  strong  a  knot  of  light.  The  American  observers 
make  no  mention  of  the  division  of  the  dark  stripe  upon  the 
globe  into  two  by  a  narrow  bright  line,  indicating  the  distinc¬ 
tion  of  the  dark  side  of  the  ring  from  its  shadow.  This  most 
delicate  object  was,  however,  seen  in  the  use  of  much  smaller 
optical  means  during  the  same  season,  by  Dawes  with  64- 
inches,  Oct.  26,  30,  Nov.  21,  and  by  Schmidt  at  Bonn  with 
the  8-feet  heliometer.  Sept.  19,  20,  21  (at  least,  if  his  drawing 
may  be  depended  upon,  for  it  is  not  mentioned  in  the  text). 
It  was  also  seen  1861,  Dec.  26,  1862,  Jan.  5,  with  7-inches, 
by  Wray,  who  seems,  however,  to  have  thought  it  the  illumi¬ 
nated  edge  of  the  ring. 

We  are  again  obliged,  from  the  magnitude  of  the  subject, 
to  adjourn  the  conclusion  of  our  examination  of  the  Saturnian 
system. 
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THE  “NEW  STAR” — ME.  HUGGINS*  INVESTIGATIONS, 

The  appearance  of  a  “  new  star**  in  the  heavens  is,  notwith¬ 
standing  many  recorded  instances  of  such  incidents,  a  phe¬ 
nomenon  of  a  very  startling  and  suggestive  kind  ;  and  though 
the  star  that  has  very  recently  made  a  conspicuous  appear¬ 
ance  in  the  Northern  Crown  (Coronse  Borealis)  has  not  that 
splendour  which  earlier  visitants  of  the  same  sort  have  fre¬ 
quently  displayed,  it  possesses  the  unique  and  extraordinary 
interest  of  being  the  first  of  these  bodies  subjected  to  spectro¬ 
scope  examination,  and  yielding  unlooked  for  and  marvellous 
results. 

On  the  16th  of  May,  Mr.  William  Huggins  received  a  note 
from  Mr.  John  Birmingham.,  of  Tuam,  stating  that  on  the 
12th  of  May  he  had  seen  a  second  magnitude  star  near 
e  Coronas.  The  next  post  brought  Mr.  Huggins  a  letter  from 
Mr.  Baxendell,  of  Manchester,  repeating  the  information  that 
a  new  bright  star  had  been  seen  about  a  degree  south  of 
€  Coronas.  On  the  evening  of  the  15th,  Mr.  Baxendell  found 
it  to  be  of  the  third  magnitude,  fully  equal  to  j3  Serpentis  and 
v  Herculis,  both  third  magnitude  stars. 

On  the  night  of  the  16th  of  May,  Mr,  Huggins  examined 
the  spectrum  of  the  star,  and  he  informs  us,  “That  it  was 
below  the  third  magnitude,  but  brighter  than  e  Coronas  Borealis. 
The  spectrum  is  extremely  remarkable,  unlike  that  of  any 
celestial  object  I  have  observed.  There  is  an  absorption  spec¬ 
trum  analogous  to  that  of  the  sun,  and  in  addition  a  spectrum 
of  a  few  bright  lines.  Two  of  the  brightest  of  these  appear  to 
be  coincident  with  those  of  hydrogen,  and  correspond  in 
position  with  F  and  C  of  the  solar  spectrum.** 

On  the  17th  of  May,  Mr.  Hug- 
£,  cor.  Borealis  +  gins  again  observed  the  star,  and 

n.s, _ x  T  y  /3  +  found  it  about  the  fifth  magnitude, 

*  "  and  not  so  bright  as  e  Coronse 

rr  Borealis,  which  is  marked  four  and 

StrrpcnUs  a  half  magnitude.  The  accom¬ 

panying  diagram  will  assist  our  readers  in  finding  it,  if  it 
remains  of  sufficient  magnitude. 

Mr.  Huggins  promptly  communicated  his  very!;  important 
spectroscopic  investigation  of  this  star  to  the  Royal  Society,  in  a 
paper  read  on  the  17th,  and  his  results  occasioned  the  strongest 
interest  in  scientific  circles.  It  is  impossible  to  avoid  forming 
hypotheses  in  connection  with  so  curious  a  subject  as  the 
sudden  appearance  of  a  new  star,  whether,  indeed,  we  regard 
such  a  body  as  new  in  any  of  the  three  senses  in  which  that 
term  may  be  employed,  that  is,  as  newly  formed,  newly  occu- 
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pying  the  place  in  wliicli  it  is  discovered,  or  newly  assuming’ 
sufficient  brightness  to  become  visible. 

Humboldt,  in  Cosmos ,  gave  the  following  list  of  newly- 
appeared  temporary  stars,  though  “  with  variable  degrees  of 
certainty”  as  to  the  items  : — 


134  B.C.,  in  Scorpio. 

123  a.d.,  in  Ophiuchus. 
173,  in  Cent aurus. 

369, in  ? 

386,  in  Sagittarius. 

389,  in  Aquila. 

393,  in  Scorpio. 

827,  in  Scorpio. 

945,  between  Cepheus  and 
Cassiopeia. 

1012,  in  Aries. 

1203,  in  Scorpio. 


1230,  in  Ophiuchus. 

1264,  between  Cepheus  and 
Cassiopeia. 

1572,  in  Cassiopeia. 

1678, - 

1584,  in  Scorpio. 

1600,  in  Cygnus. 

1604,  in  Ophiuchus. 

1609, - 

1670,  in  Vulpes. 

1848,  in  Ophiuchus. 


Humboldt  remarks  that  the  stars  whose  luminosity  was 
of  the  shortest  duration  were  those  of  389,  827,  and  1012. 
In  the  first  of  the  above-mentioned  years  the  luminosity  con¬ 
tinued  for  only  three  weeks  ;  in  the  second,  four  months  ;  and 
in  the  third,  three.  On  the  other  hand,  Tycho  Brahe^s  star 
in  Cassiopeia  (1572)  continued  to  shine  for  seventeen  months, 
while  Kepler’s  star  in  Cygnus  (1600)  was  visible  fully  twenty- 
one  years  before  it  totally  disappeared.  It  was  seen  again  in, 
1655,  and  still  of  the  third  magnitude,  as  at  its  first  appear¬ 
ance,  and  dwindled  down  to  the  sixth  magnitude,  without, 
however,  according  Arg eland er’s  observation,  being  entitled  to 
rank  among  periodically  variable  stars.” 

Herrmann  Goldschmidt  considers  the  new  stars  of  393, 
827,  1203,  and  1609  are  one  and  the  same;  and  Monthly 
Notices  for  April  contains  a  paper  on  this  subject,  with  his 
reasons  for  expecting  its  probable  re-appearance  from  2014  to 
2015.  M.  H.  Goldschmidt  says,  with  reference  to  the  irregu¬ 
larity  thus  imputed  to  this  star,  that  he  has  observed 
u  Geminarum  (Hind,  Ho.  6)  coming*  exceptionally  back  twenty- 
four  days  before  its  ordinary  return,  and  this  with  a  period  of 
ninety-six  days.  Goodricke  had  previously  suspected  the 
identity  of  the  stars  of  945,  1264,  and  1572. 

It  will  probably  be  found  that  the  star  now  occupying 
attention  is  not  really  a  new  visitor,  but  a  small  one  that 
suddenly  increased  in  lustre  through  violent  internal  chemical 
changes  ;*  a  sudden  blazing  up  in  conflagration-fashion  of  an 

#  Since  writing  the  above  Mr.  Knott  informs  us  that  it  is  entered  as  No. 
2765  zone  -f-  26°  in  Argelander’s  Bonner  Sternverzeichniss,  epoch  1S55‘0 ;  mag. 
9-5  ;  K.A.  15h.  53m.  26’9s. ;  D  +  26°  20'*1. 
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immense  mass  of  gaseous  matter,  and  its  equally  rapid  sub¬ 
sidence.  This  is  a  probable  inference  from  the  information 
afforded  by  the  spectroscope,  and  it  will  supply  material  for 
theories  as  startling  as  the  phenomena  which  suggest  them. 

There  does  not  seem  to  be  sufficient  evidence  for  considering 
that  the  Corona  star  differs  in  telescopic  appearance  from  other 
stars.  Mr.  Knott,  who  is  an  excellent  observer,  and  who,  in 
addition  to  the  advantage  of  a  very  fine  telescope  (7J -inches 
aperture),  has  a  remarkably  well  situated  observatory,  informs 
us  that  he  first  examined  it  on  the  night  of  the  1 7th,  “  when 
its  colour  appeared  to  be  of  a  fine  pale  yellow — pale  as  com¬ 
pared  with  the  golden  yellow  of  e  Coronas.-”  On  the  18th  the 
colour  appeared  the  same,  and  so  on  the  19th,  when  its  mag¬ 
nitude  had  decreased,  so  that  it  was  decidedly  less  than  S 
Coronas.”  On  the  20th  Mr.  Knott  gauged  its  magnitude  as 
6*4,  and  having  heard  of  Mr.  Huggins'  spectroscopic  discovery, 
he  looked  carefully  for  any  peculiarity  in  its  light.  It  still 
appeared  pale  yellow,  and  he  could  detect  no  trace  of  a 
nebulous  envelope.  He  thought  it  a  little  dull.  On  the  23rd 
he  found  its  magnitude  7*2,  its  light  rather  unsteady,  and  its 
colour  a  very  pale  yellow,  with  perhaps  a  greenish  cast. 

The  history  of  temporary  stars  shows  that  the  majority  of 
these  curious  bodies  have  usually  evinced  great  splendour  at 
the  time  when  they  were  first  seen.  Humboldt  says  that  only 
three  of  the  known  stars  of  this  kind  have  been  less  than  the 
first  magnitude,  which  was  the  case  with  the  star  now  visible. 
The  star  of  125  b.c.  was  visible  in  the  day-time,  and  is  “  said 
to  have  attracted  the  attention  of  Hipparchus;”*  that  of 
389  a.d.  was  for  three  weeks  as  bright  as  Venus,  and  then 
disappeared  entirely.  The  stars  of  945,  1264,  and  1572  were 
brilliant  bodies  ;  and  that  in  1572  so  bright  that  Tycho  Brahe 
had  his  attention  called  to  it  by  seeing,  as  he  was  walking 
home,  a  group  of  rustics  staring  at  it  in  a  position  which  he 
was  sure  if  had  not  occupied  an  hour  before.  At  this  time  it 
was  as  bright  as  Sirius,  and  reached  the  lustre  of  Jupiter,  and 
was  seen  at  midday.  It  was  first  seen  on  November  11,  in 
December  it  diminished,  and  disappeared  in  the  following  March. 
In  October,  1604,  a  star  of  similar  splendour  burst  forth  in 
Serpentarius,  and  was  visible  till  October  in  the  following  year. 

Humboldt  remarks  that,  in  the  three  centuries  from  1500 
to  1800,  as  many  as  forty-two  comets  visible  to  the  naked  eye 
appeared  to  the  inhabitants  of  the  northern  hemisphere,  while 
only  eight  new  stars  were  observed  during  the  same  period. 
Taking  the  time  from  the  completion  of  the  Alphonsine  tables 
to  the  days  of  Sir  W.  Herschel — that  is,  from  1252  to  1800 — 
he  tells  us  ffthe  number  of  visible  comets  was  sixty-three, 
while  that  of  new  stars  does  not  amount  to  more  than  nine.” 

#  Sir  J.  Herschel’s  Astronomy. 
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In  the  case  of  Tycho  Brahe^s  star,  we  are  told  by  him  that 
it  was  "  not  surrounded  by  any  nebula,  and  was  perfectly  like 
all  other  fixed  stars,  with  the  exception  that  it  scintillated 
more  strongly  than  stars  of  the  first  magnitude.”* 

Before  the  appearance  of  this  last  so-called  frnew  star”  and 
Mr.  Huggins  spectroscope  investigation,  it  was  considered  that 
these  bodies  could  not  be  ranked  in  the  same  category  with  the 
variable  stars,  even  though  it  might  be  admitted  that  some  of 
them  had  re-appeared  on  successive  occasions.  They  may 
form  a  class  by  themselves,  but  the  very  small  number  that  is 
likely  to  be  seen  in  any  period  of  a  few  centuries  precludes 
the  hope  of  the  present  generation  of  astronomers  being 
furnished  with  means  of  answering  such  an  inquiry. 

Among  the  numerous  speculations  that  may  be  entertained, 
one  is,  that  these  stars  represent  a  particular  stage  in  stellar 
life  and  formation;  and  if  the  ordinary  orbs  of  heaven  ex¬ 
hibit  such  permanence  as  to  be  poetical  symbols  of  unchange¬ 
ableness,  that  fixity  of  character  may  be  the  result  of  previous 
conditions,  in  which  violent  fluctuations  and  agitations  occurred. 
If  the  anew  stars”  were  regarded  as  new  formations,  or 
stars  in  any  process  of  growth,  we  might  expect  to  find  a 
corresponding  number  of  celestial  bodies  suffering  diminution 
and  decay.  Humboldt,  who  searched  for  evidence  on  this 
subject,  considered  that  great  caution  was  necessary  before 
coming  to  the  conclusion  that  any  star  has  actually  disap¬ 
peared.  He  threw  out  the  hint  that  dark  cosmical  bodies 
may,  by  a  renewed  process  of  light,  again  become  luminous.” 

The  amount  of  stellar  light  received  by  us  might  vary  from 
(1)  change  of  distance,  (2)  the  interposition  of  planetary  or  other 
bodies,  or  (3)  from  actual  fluctuations  in  the  intensity  of  chemical 
actions  in  the  star  or  its  atmosphere.  The  two  last  are  the 
most  likely  means  of  accounting  for  considerable  changes  in 
lustre  occurring  in  brief  periods ;  and  while  the  second  may 
apparently  fit  the  case  of  ordinary  variables,  the  third  would 
seem  better  able  to  account  for  the  remarkable  phenomena 
of  the  so-called  temporary  stars. 

It  does  not  appear  that  the  distance  of  any  temporary  star 
from  the  earth  has  been  ascertained ;  but  if  any  new  one  should 
last  for  sufficient  time,  the  perfection  of  modern  instrumental 
research  will,  no  doubt,  be  directed  to  that  end.  Waiting  for 
further  facts  on  this  highly-curious  subject,  we  may  give  free 
rein  to  speculation,  provided  only  that  we  know  we  are  specu¬ 
lating,  and  do  not  confound  the  day-dreams  of  science,  which 
may  prefigure  truth,  or  suggest  error,  with  those  opinions  that 
rest  upon  wide  inductions,  and  which  we  may  more  certainly 
receive. 

#  Tycho’s  statement  is  quoted  in  Cosmos, 

VOL.  IX.— NO.  V. 
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ON  THE  VELOCITY  OE  NERVOUS  IMPRESSIONS. 

BY  W.  F.  BARRETT. 

Amidst  all  the  marvels  of  this  wonderful  body  of  ours,  there  is 
nothing  more  interesting,  and  yet  nothing  of  which  we  know 
so  little,  as  those  slender  white  strings  and  the  clustering 
grey  cells  associated  with  them,  which  together  we  call  the 
nerves.  There  was  a  time  when  it  was  considered  blasphe¬ 
mous  to  investigate  any  vital  phonomena ;  and,  although 
science  has  done  so  much  to  clear  away  the  thraldom  of  super¬ 
stition,  still  in  the  present  day  there  are  not  a  few  who  regard 
an  attempt  to  search  out  the  higher  phenomena  of  life  with 
feelings  similar  to  those  who,  in  former  days,  feared  to  know 
how  we  move  our  limbs  or  digest  our  food.  But  surely  no 
thoughtful  man  can  think  it  an  impious  endeavour  to  under¬ 
stand  the  obscurer  parts  of  the  Creator’s  highest  work.  Con¬ 
cerning  our  mind,  can  any  one  think  it  wrong  to  change 
ignorance,  “the  region  of  disorderly  mystery/-*  into  science, 
the  “  realm  of  orderly  mystery  ”?•— for  science  does  not  remove 
the  mysteries  which  surround  us ;  all  she  can  do  is  to  classify 
them,  and  thus  lead  us  to  see  that  true  mysteriousness  of 
nature  which  she  is  impotent  to  explain. 

The  enigma  of  the  nerve  cells  has  as  yet  been  unsolved 
by  science.  But  it  is  not  so  with  the  nerve  fibres,  for 
their  function  has  been  ascertained  beyond  a  doubt.  They 
are  discovered  to  be  the  transmitters  merely  of  that  unknown 
and  still  greater  mystery  we  name  the  nerve  force,  or  nervous 
agent— a  power  which,  acting  upon  the  nerve  cells  stored  up 
in  the  brain,  there  awakens,  or  is  translated  into  consciousness. 
How,  it  is  probable  we  can  never  know,  for  this  would  be  a 
comprehension  of  an  organ  by  itself ;  a  thing  as  difficult  to 
conceive  of  as  it  would  be  to  suppose  the  heart  alone  capable 
of  knowing  how  it  contracts,  or  the  stomach  understanding 
how  its  functions  are  discharged.  The  superior  alone  can 
comprehend  the  inferior. 

It  is,  however,  a  great  step  to  know  something  about  the 
nerve  fibres,  for  they  are  our  only  means  of  communication 
with  the  outer  world,  and  through  them  we  can  by  gross 
means  stir  a  power  into  action  which  in  its  turn  can  arouse 
sensation,  the  highest  achievement  of  the  action  of  force 
upon  matter.  The  structure  of  these  nerve  fibres  has  long 
been  known,  and  corresponds  with  the  function  assigned  to 
them.  They  are  like  submarine  telegraph  wires,  as  has  often, 
but  not  the  less  truly  been  said,  and  as  such  have  a  central 
core,  what  appears  an  insulating  coating,  and  then  a  protecting 
sheath. 
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.  if  this  nervous  power,  which  we  can  excite  with  the 
prick  of  a  pin,  really  passes  from  the  excited  part  to  the 
brain,  it  must  take  time  in  its  transit.  The  velocity  of 
electricity  and  of  light  has  been  measured;  can  the  rate  of 
propagation  of  this  nerve  force  be  determined  ?  It  can,  and 
Helmholtz,  the  illustrious  professor  of  physiology  in  Heidel¬ 
berg,  has  made  this  determination  with  great  accuracy. 
Though  it  is  some  time  since  this  was  accomplished,  yet 
an  admirable  exposition  of  the  whole  subject  has  recently 
been  given  at  a  Friday  evening  meeting  of  the  Boyal 
Institution,  by  Dr.  Emil  du  Bois  Beymond,  the  eminent 
professor  of  physiology  in  the  University  of  Berlin.  A  brief 
notice  of  this  lecture  will,  we  think,  be  acceptable  to  many  of 
the  readers  of  the  Intellectual  Observer. 

First  of  all,  we  must  be  convinced  that  there  really  is 
something  travelling  along  the  nerve.  It  is  not  necessary  to 
suppose  the  passage  of  an  entity,  or  “  imponderable,”  as  our 
fathers  used  to  say,  but  as  modern  science  would  teach  us, 
we  have  to  conceive  merely  of  a  pulse,  a  transmission  of 
motion  through  the  nerve. 

By  a  most  ingenious  arrangement,  Professor  du  Bois  Bey¬ 
mond  illustrated  by  experiment  the  way  in  which  he  considers 
such  a  pulse  to  be  transmitted  through  the  nerves.  A  number  of 
double  magnetic  needles  were  suspended  in  a  long  row  within  a 
glass  case,  so  that  the  ends  of  each  needle  were  in  a  line  with, 
and  close  to,  but  not  touching  the  needle  in  front.  Pushing- 
the  pole  of  the  terminal  needle  obliquely  aside,  the  attraction 
which  it  exercised  in  its  new  position  displaced  the  next  adja¬ 
cent  needle  in  a  contrary  direction.  This  displaced  the  next,  and 
that  in  its  turn  the  next,  and  thus  a  zigzag  motion  ran  along 
the  row  ‘of  needles  to  the  far  end,  where  the  movement  of  the 
terminal  one  rang  an  electric  bell.  The  propagation  of  nerve 
force  is  analogous  to  this,  for,  as  will  be  seen  directly,  it  is  a 
slow  motion,  not  almost  instantaneously  transmitted  like  light 
or  electricity.  To  show  the  actual  transmission  of  the  nervous 
agent,  the  professor  took  a  frog— and  frogs  are  most  indis¬ 
pensable  creatures  in  these  experiments,  we  believe  Dr.  du 
Bois  Beymond  brought  over  as  many  as  200  to  illustrate  his 
lectures  at  the  Boyal  Institution— and  from  the  hind  legs  of  this 
frog  dissected  a  muscle  with  its  attached  nerve.  Stimulating 
the  free  end  of  the  nerve  by  a  feeble  electric  current,  the 
muscle  announced  the  reception  of  this  stimulus  by  a  violent 
contraction,  rendered  visible  to  the  audience  by  the  lifting  of 
a  coloured  disc.  The  nerve  was  now  tied  in  the  middle  and 
again  stimulated ;  this  time  no  contraction  of  the  muscle 
occurred,  the  ligature  had  prevented  the  passage  of  the  nervous 
agent.  Thus  a  material  change  does  really  pass  along  a  nerve 
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when  it  is  stimulated.  This  change,  whatever  its  real  nature 
we  know  not,  is  certainly  quite  distinct  from  electricity,  for 
that  force  would  not  have  been  hindered  in  its  transit  by  the 
mere  tying  of  the  conducting  nerve. 

The  next  problem  to  be  solved  is  how  to  determine  the 
rate  at  which  this  change  proceeds  along  the  nerves.  Only 
fifteen  years  ago,  the  solution  of  this  was  thought  by 
eminent  men  to  be  impossible  on  account  of  experimental 
difficulties,  but,  as  already  stated,  this  has  been  done  in  the 
first  instance  by  Helmholtz,  who  used  a  method  suggested  by 
M.  Pouillet  for  measuring  the  velocity  of  projectiles. 

When  a  current  of  very  short  duration  is  passed  through  a 
galvanometer,  the  deflection  is  proportionate  to  this  duration, 
and  hence  the  time  taken  by  any  transient  phenomenon  may  be 
ascertained,  provided  its  beginning  and  its  end  can  be  made 
to  coincide  exactly  with  the  beginning  and  end  of  an  electric 
current.  This  coincidence  in  time  M.  Pouillet  accomplished 
by  a  most  ingenious  device  which  is  in  actual  use  in  gunnery 
experiments.  The  way  in  which  this  method  has  been  applied 
to  the  problem  now  under  consideration,  was  shown  by  Pro¬ 
fessor  du  Bois  Beymond,  and  illustrated  by  an  experiment. 
Thus  it  was  seen,  by  the  comparative  amplitude  of  the  deflec¬ 
tion  of  a  galvanometer  needle,  the  comparative  duration  of  the 
passage  of  the  nervous  agent  in  two  cases. 

There  is,  however,  besides  this,  another  method  by  which 
the  same  object  can  be  obtained  much  more  easily.  This  may 
be  termed  the  graphical  method  ;  and  it  consists  in  causing  the 
muscle  to  be  the  penman,  by  making  it  write  the  moment  of  its 
contraction  on  a  revolving  cylinder.  The  contraction  follows 
at  a  short  but  definite  interval  after  it  has  received  the  stimulus 
transmitted  through  the  nerve,  and  in  contracting  it  draws  a 
curve  indicative  of  the  beginning  of  the  contraction,  as  well  as 
of  its  subsequent  stages.  Now,  if  after  having  drawn  one  such 
curve  the  cylinder  be  turned,  so  as  to  bring  it  back  to  its 
starting-point,  and  the  nerve  be  stimulated  a  second  time  at 
precisely  the  same  place,  a  second  curve  will  be  drawn  coin¬ 
ciding  exactly  with  the  first.  If,  however,  one  curve  be  drawn 
by  stimulating  the  nerve  at  a  point  A  distant  from  the  muscle, 
and  another  by  stimulating  a  portion  B  nearer  the  muscle,  the 
resulting  curves  will  not  now  overlap,  but  a  displacement  will 
be  observed  corresponding  to  the  time  required  by  the  nerve 
force  to  travel  from  A  to  B.  This  important  result  was  first 
arrived  at  by  Helmholtz,  by  means  of  a  beautiful  but  compli¬ 
cated  apparatus  termed  the  MyograpTiion.  In  his  lecture, 
Professor  du  Bois  Beymond  succeeded  in  drawing  the  actual 
curves,  but  instead  of  the  rotating  cylinder  using  a  glass -plate 
sliding  along  guides  and  propelled  by  a  spring.  The  two 
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curves  thus  drawn  were  rendered  visible  to  the  audience  by 
projecting  their  image  on  the  screen  by  means  of  the  electric 
light.  The  difference  in  the  commencement  of  the  contraction 
in  the  two  cases  was  very  clearly  seen;  in  fact,,  although 
obtained  in  the  lecture — when,,  as  a  rule,,  experiments  are  less 
successful  than  beforehand — the  curves  were  as  distinct  and 
almost  as  perfect  as  if  they  had  been  selected  from  careful 
laboratory  experiments. 

What,,  then,,  is  the  result  of  the  investigations  of  Helmholtz 
on  the  velocity %of  the  nerve  force?  It  is  one  which,  at 
first  sight,  is  most  astonishing ;  for  the  rate  of  propagation, 
compared  with  other  forces,  is  extremely  slow.  The  velo¬ 
city  of  light  is  about  190,000  miles  a  second,  and  of  elec¬ 
tricity  even  more ;  but  the  velocity  of  the  nerve  force  is 
only  ninety  feet  a  second,  one-twentieth  of  the  velocity  of  a 
cannon-ball,  about  one-thirteenth  of  the  velocity  of  sound  in 
air,  and  not  exceeding,  but  about  equal  to,  the  speed  of  an 
express  train.  The  rate  at  which  impressions  are  transmitted 
through  the  nerves  is  more  fully  compared  with  the  velocity  of 
other  forces  in  the  following  table,  the  measurements  through¬ 
out  being  in  metres  (3*28  feet  equal  1  metre)  as  the  most 
convenient  standard : — 


Electricity  . 

Light  .... 
Sound  through  iron 
,,  „  water  . 

„  „  air 

Cannon  ball 
Eagle's  flight 
Nerve  force 

Greyhound  or  racehorse 
The  arm  in  throwing  a  ston 
Gale  of  wind 
Arterial  wave 
Muscular  contraction  . 


Metres  in  one  second. 

.  464,000,000 
300,000,000 
3,485 
1,435 
332 
552 
35 
28 
25 
22 
20 
9 
1 


The  velocity  of  nervous  transmission  in  our  bodies  has 
also  been  examined,  by  inserting  fine  wires  in  the  finger  and 
toe  of  a  living  man;  through  these  wires  the  nerves  could 
be  stimulated  by  an  electric  current,  and  the  rate  of  pro¬ 
pagation  measured  by  very  delicate  means.  No  sensible 
difference  was  found  between  the  velocity  in  the  nerves  of 
a  man,  and  in  those  of  a  frog.  Therefore,  as  the  Professor 
remarked,  when  the  driver  of  an  express  train  points  to 
the  tender,  and  wills  to  move  his  fingers,  whilst  performing 
the  act  the  nerve  force  in  the  nerves  of  his  arm  remains 
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stationary  in  space,  or  nearly  so,  because  the  velocity  of  the 
train  in  one  direction  destroys  that  of  the  nervous  agent 
in  the  other.  In  a  creature  so  long  as  the  whale,  the  rate  of 
nervous  transmission  becomes  very  perceptible  when  the 
extremities  have  to  be  moved.  The  fact  of  a  harpoon  having 
been  thrown  in  the  tail  of  a  good-sized  whale  would  not  be 
announced  in  the  brain  of  this  creature  till  a  second  after  it 
had  entered  j  and  as  it  would  take  a  little  more  than  another 
second  before  the  command  to  move  its  tail  would  reach  the 
appropriate  muscles,  a  boat’s  crew  might  be  far  away  before 
the  animal  they  had  pierced  began  to  lash  the  sea.  Similar 
considerations  would  lead  us  to  see  that  we  could  not  move 
our  fingers  and  legs,  for  example,  beyond  a  certain  rate ;  for 
were  this  rate  to  equal  the  time  occupied  by  the  transmission 
of  nerve  force  from  the  part  moved  to  the  nerve  centre,  the 
successive  stimuli  sent  along  the  motor  nerves  would  link 
themselves  into  one,  and  the  muscle  would  remain  permanently 
contracted. 

Avery  interesting  fact  connected  with  nervous  transmission 
was  mentioned  by  Dr.  du  Bois  Beymond.  This  was  the  effect 
of  temperature  on  the  velocity  of  the  nerve  force.  When 
the  nerve  was  warm,  the  curves  drawn  on  glass  as  we  have 
described,  were  close  together.  Ice-cold  water  was  then  caused 
to  flow  over  the  nerve ;  when  two  new  curves  were  drawn,  they 
were  widely  separated  from  each  other,  showing  that  in  the 
latter  case  the  nervous  force  had  travelled  at  a  slower  rate 
than  in  the  former. 

One  other  point  remains  to  be  noticed.  Besides  the  time 
required  for  the  transmission  of  a  stimulus  through  the  nerves, 
the  mind  takes  a  certain  period  to  form  a  conception,  and  then 
to  prompt  the  limbs  to  act  accordingly.  This  time,  measured 
by  a  similar  method,  has  been  found  to  be  about  one-tenth  of 
a  second.  Some  strange  results  have  been  deduced  from  this 
fact.  The  passage  of  a  rifle-bullet  through  the  brain  would 
not  occupy  more  than  the  thousandth  of  a  second  j  a  stroke 
of  lightning  would  pass  through  the  body  in  inconceivably  less 
time  j  and  thus  a  person  killed  by  either  of  these  means 
would  die  without  consciousness  having  time  to  be  produced. 
The  placid  aspect  of  those  who  have  thus  died,  and  the  testi¬ 
mony  of  those  who  have  recovered  from  a  lightning  stroke, 
go  to  prove  that  no  pain  was  felt  prior  to  the  insensibility  which 
followed  the  act. 

The  delicate  and  complex  nature  of  the  experiments  by 
which  all  these  results  have  Deen  obtained  has  probably  never 
been  surpassed.  The  most  refined  and  sensitive  instruments 
are  needed  to  carry  them  into  execution,  and  all  who  looked 
on  Professor  du  Bois  Beymond’s  apparatus  must  have  been  at 
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once  bewildered  and  charmed.  The  thanks  of  the  English 
public,  and  especially  of  the  medical  schools,  are  due  to  the 
patient  toil  of  the  professor,  who  succeeded  in  transferring 
his  fragile  instruments  from  Berlin  to  London,  and,  after 
hours  of  laborious  preparation,  has  given,  not  only  the  demon¬ 
stration  of  the  Friday  evening  we  have  noticed,  but  three 
other  experimental  lectures  at  the  Royal  Institution,  and  one 
at  the  College  of  Physicians. 


HIGHLEY’S  POCKET  STAND  MICROSCOPE. 

At  the  last  soiree  of  the  Microscopical  Society,  Mr.  Highley 
exhibited  a  new  form  of  pocket  microscope,  which  will  meet 
the  requirements  of  searchers  for  diatoms  and  other  minute 
objects,  and  also  those  of  medical  men  wishing  for  a  portable 
instrument  for  the  examination  of  morbid  deposits. 


The  annexed  cuts  show  this  instrument,  which  is  designated 
“  Highley’s  Pocket  Stand  Microscope,”  in  two  positions.  In 
the  one  it  is  folded  up,  and  in  the  other  the  stand  is  unfolded. 
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and  the  mirror  brought  into  its  right  position  with  reference 
to  the  stage. 

It  packs  into  a  case  seven  inches  long,  two  and  a  quarter 
wide,  and  two  and  a  half  deep,  thus  occupying  no  more  room 
than  a  small  pocket  telescope.  The  stand  being  of  metal, 
and  attached  to  the  instrument,  is  neater  and  steadier  than 
some  of  the  wooden  stands  previously  introduced,  and  the 
stage,  which  is  arranged  with  universal  motions,  will  carry  a 
small  live  box,  or  an  ordinary  slide.  When  intended  for  me¬ 
dical  use,  it  is  accompanied  by  a  very  small  pocket  case,  con¬ 
taining  a  test-tube  and  holder,  spirit  lamp,  drop  bottle,  and 
test  papers,  while  field  naturalists  are  supplied  with  another 
“  waistcoat-pocket  case/'  as  Mr.  Highley  terms  it,  a  pipette, 
spoon,  forceps,  and  corked  collecting  tubes.  They  can  also 
have  a  hook-handled  walking-stick,  into  the  end  of  which 
screws  a  net,  a  bottle,  or  a  hooked  knife,  and  they  are  thus 
supplied  with  all  the  appliances  needed  for  pursuing  their 
search  for  microscopic  objects. 

It  is  the  neatest  and  most  convenient  thing  of  the  kind  we 
have  seen,  and  can  be  made  to  work  very  well  with  J-inch 
objective. 


ARCHiEOLOGIA. 

The  barrows  in  Cumberland  have  been  recently  the  scene  of  the 
zealous  labours  of  a  well-known  antiquary,  the  Rev.  W.  Greenwell, 
of  Durham.  The  plain  to  the  north-east  of  Carlisle  is  covered  with 
natural  rounded  hills  of  gravel,  which,  in  many  cases,  have  at  their 
summits  early  sepulchral  interments.  Several  of  these  have  been 
opened  by  Mr.  Greenwell,  and  presented  interesting  deposits. 
They  appear  to  have  belonged  either  to  a  period,  or  to  a  state  of 
society,  when  it  was  customary  to  inter  with  the  dead  very  few 
objects  of  any  value,  and  these  few  present  no  characteristics  which, 
in  our  present  state  of  knowledge,  at  least,  fix  them  to  any  par¬ 
ticular  date.  Mr.  Greenwell  is  labouring  zealously  and  carefully 
in  search  of  results  which  it  may  be  hoped  will  eventually  throw 
light  on  this  question.  In  one  of  the  barrows  opened  by  Mr. 
Greenwell  on  this  occasion,  the  only  accompaniment  of  the  remains 
of  the  corpse,  which  had  undergone  cremation  on  the  spot,  was  a 
most  beautiful  flint  knife,  about  four  inches  long,  which  had  been 
struck  off  the  cone  at  one  blow,  the  side  being  left  fiat  as  when  first 
struck ;  the  other  side  being  slightly  curved,  and  minutely  chipped 
over  its  whole  surface.  The  bones  were  those  of  a  young  person. 
In  another  of  these  graves  a  cist  was  found,  which  was  formed  of 
four  stones  on  edge,  with  a  cover  or  lid  of  great  thickness,  the 
substance  being  the  red  sandstone  of  the  district.  This  cist  lay 
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north-east  by  south-west,  and  contained  a  body  doubled  up  and 
laid  on  the  left  side,  with  the  head  to  the  north-east.  Behind  the 
head  lay  a  small  cup,  of  the  description  which  some  antiquaries 
have  called  drinking  cups,  ornamented  over  its  whole  external 
surface  with  parallel  lines,  made  apparently  by  the  impressions  of 
rushes  on  the  clay.  In  this  case  the  skull  was  perfect,  and  the 
body  presented  no  appearance  of  having  been  burnt,  yet  charcoal 
was  found  in  the  cist. 

An  accidental  discovery  of  Roman  coins  was  made  recently  on 
the  western  side  of  Caesar’s  Camp,  a  well-known  hill  near  Farnham 
in  Surrey.  The  ground  here  is  a  continuation  of  Bagshot  Heath, 
over  which  ran  the  Roman  road  from  Winchester  (Venta)  to 
London.  As  Mr.  Dowsett,  one  of  the  literary  staff  of  the  Surrey 
and  Hants  News ,  was  passing  over  the  hill  on  his  way  to  Aldershot, 
his  attention  was  attracted  by  the  peculiar  appearance  of  one  or 
more  stones  almost  buried  in  the  ground,  and  he  proceeded  to 
remove  them,  when  he  heard  a  sound  like  the  jingling  of  metal,  and 
immediately  afterwards  perceived  an  old  silver  coin.  Further  exami¬ 
nation  brought  to  light  a  number  of  others — the  number  is  not 
stated — which  proved  to  be  all  Roman  silver,  ranging  in  date 
through  a  great  part  of  the  third  century,  a.d.,  with  the  single 
exception  of  a  coin  of  Domitian,  which  belonged  of  course  to  the 
first  century.  This  probably  formed  part  of  a  hoard  of  Roman 
money  which  had  been  buried  in  this  spot  towards  the  end  of  the 
third  century,  or  at  the  beginning  of  the  fourth,  thus  bearing 
witness  to  the  occupation  of  this  camp  by  Romans  at  that  period. 
It  is  hardly  necessary  to  remark,  that  the  name  of  Cassar  not 
unfrequently  attached  to  such  sites,  is  a  comparatively  modern 
invention,  made  by  people  who  ignorantly  believed  that  whatever 
was  Roman  must  have  been  Cesar’s.  The  neighbouring  town 
of  Farnham  has  been  supposed  by  antiquaries  to  occupy  the 
site  of  a  Roman  town  or  station  named  Vindonum.  The  posi¬ 
tion  of  Caesar’s  camp  appears  to  have  been  occupied  long  after 
the  Roman  period,  for  in  1828,  near  the  same  spot  where  the 
Roman  money  was  found,  as  stated  above,  a  hundred  coins 
of  the  Merovingian  period,  ranging  from  the  fourth  to  the 
seventh  century,  were  discovered  by  the  late  C.  E.  Lefroy,  Esq.,  of 
Ewshot.  There  is  another  Caesar’s  camp  at  Wimbledon,  which,  in 
some  papers  read  before  the  Archaeological  Institute,  has  been  pro¬ 
nounced  to  be  British,  on  what  evidence  we  have  not  been  informed. 
It  is  worth  a  hint  to  those  who  occupy  themselves  with  this 
subject,  that  they  would  do  well  to  examine  carefully  the  cha¬ 
racter  of  the  entrenchments  with  which  the  supposed  camps  are 
surrounded.  The  Romans  were  the  great  entrenchers  of  antiquity, 
and  a  body  of  Roman  troops  rarely  passed  a  night  on  a  spot  with¬ 
out  making  themselves  an  entrenched  camp.  Caesar  tells  us  that 
the  Hauls  were  ignorant  of  the  art  of  entrenchment,  until  they 
learnt  it  from  the  Roman  legions  under  his  command  ;  and  it  was 
not  until  two  or  three  years  after  they  had  seen  the  use  the  Romans 
made  of  entrenchments  that  they  began  to  imitate  them.^  As  the 
Britons  were  more  backward  in  these  things  than  the  Gauls,  we 
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must  conclude  that  the  presence  of  regular  entrenchments  ought  to 
be  considered  as  evidence  against  the  camp  being  British. 

The  Society  of  Antiquaries  of  Scotland  has  been  much  occu¬ 
pied  of  late  with  researches  among  the  numerous  remains  of  the 
HABITATIONS  AND  SEPULTURES  OF  THE  EARLY  RUDE  RACES  who  have  at 
a  remote  period  formed  the  population  of  the  wilder  parts  of  North 
Britain.  Some  of  these  have  been  very  interesting  and  instructive. 
Mr.  Stuart,  the  Secretary  of  the  Society,  gave  an  account  of  the 
exploration  of  monuments  of  this  description  existing  at  Balna- 
broch  and  West  Persie,  in  Strathardle,  in  Perthshire.  At  Balna- 
broch  a  great  cairn  forms  a  centre,  round  which  are  scattered 
numerous  smaller  cairns,  as  well  as  groups  of  what  Mr.  Stuart  calls 
hut  circles.  The  central  cairn  is  known  as  the  Grey  Cairn.  With 
one  exception,  no  cists  were  found  in  the  cairns,  or,  apparently,  any 
traces  of  burial,  except  remains  of  burnt  wood.  The  hut-circles  are 
described  as  being  generally  from  twenty-eight  to  thirty  feet  in  dia¬ 
meter,  with  the  entrance  almost  invariably  from  the  south.  At 
West  Persie  a  group  of  hut-circles  was  surrounded  by  a  wall, 
within  which,  in  some  cases,  two  circles  are  enclosed  within  another 
surrounding  wall.  In  at  least  one  instance  holes  were  found  in  the 
floor,  as  though  posts  had  been  raised  in  them  to  support  a  roof. 
Traces  of  burning  and  portions  of  charred  wood  were  found  in 
most  of  them.  The  only  relic  found  in  the  circles  of  Balnabroch 
was  a  fragment  of  a  bronze  pin.  In  some  of  those  at  West  Persie 
were  found  portions  of  paving  flags,  many  round  balls  of  quartz, 
some  sharping- stones,  and  a  grinding  trough  formed  in  a  large 
boulder.  The  date  of  this  class  of  monuments  seems  to  be  very 
doubtful.  We  are  inclined  to  think  that  their  antiquity  is  much 
overrated  by  the  Scottish  antiquaries. 

An  Anglo-Saxon  cemetery,  of  the  pagan  period,  and  of  con¬ 
siderable  extent,  near  Market  Harborough,  in  Leicestershire,  has  been 
lately  the  scene  of  extensive  excavations,  which  have  produced  a 
considerable  number  of  the  usual  objects,  such  as  spear-heads, 
knives,  umbos  of  shields,  beads,  etc.,  found  in  Anglo-Saxon  graves. 
Among  them  was  found  a  fine  example  of  the  double-edged  Teu¬ 
tonic  sword,  thirty-four  inches  and  a  half  in  length,  and  rather  more 
than  two  inches  broad.  The  graves  were  laid  in  rows,  disposed  east 
and  west,  with  the  feet  towards  the  east. 

One  of  the  most  curious  objects  recently  discovered  in  the  exca¬ 
vations  in  France,  is  what  we  may  venture  to  call  a  Homan  gridiron. 
It  is  engraved  and  described  in  a  recent  work  by  M.  Maximilien  de 
Bing,  who  has  made  extensive  researches  in  the  early  cemeteries 
and  burial-places  in  Alsace.  This  implement  is  extremely  well 
made  of  iron  coated  with  bronze,  with  a  raised  open  guard  on  one 
side  for  the  meat,  and  a  groove  to  catch  the  melted  fat.  Along  with 
this  implement,  in  the  same  grave,  were  found  a  long  iron  knife  and 
a  bronze  spoon  or  ladle  with  a  long  iron  handle.  M.  de  Bing  sup¬ 
poses  that  they  had  been  used  in  preparing  the  feast  at  the  inter¬ 
ment.  T.  W. 
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PROCEEDINGS  OF  LEARNED  SOCIETIES. 

ROYAL  SOCIETY. 

The  most  important  subject  that  has  occupied  the  attention  of 
the  Royal  Society  is  the  remarkable  spectrum  of  the  new  star, 
examined  by  Mr.  Huggins,  and  on  which  a  paper  by  him  was  read 
on  the  17th.  This  subject  is  treated  in  a  separate  article  in  our 
present  number. 

GEOLOGICAL  SOCIETY.— Ajpril  25. 

Mr.  Tyler  read  a  paper  on  The  Intervals  of  Time  between  the 
Formation  of  the  Upper  and  Lower  Yalley  Gravels  of  England 
and  France,  with  notes  on  the  character  of  the  holes  bored  by 
mollusea.  His  object  was  to  show  that  the  two  gravels  were  not 
separated  by  the  long  time  interval  supposed  by  Mr.  Prestwich  and 
other  geologists,  and  that  they  may  not  have  existed  upon  the  earth 
as  long  as  they  conceived. 

On  the  9th  of  May  a  paper  by  Mr.  Seeley  was  read  on  The 
Gravels  and  Drifts  of  Fenland,  the  flat  country  west  of  the  chalk 
hills  of  Norfolk.  Three  kinds  of  drift  were  described  as  occurring, 
and  Mr.  Seeley  considered  that  the  brown  clay  of  the  eastern 
counties  corresponded  with  the  brown  boulder  clay  which  is  the 
oldest  of  the  Fenland  drift  deposits. 

Professor  Harkness  and  Mr.  Nicholson  contributed  a  paper  on 
The  Geology  of  the  Lake  Country,  with  a  note  on  the  trilobites 
by  Mr.  Salter.  They  contributed  several  additions  to  Skiddaw  slate 
fossils,  and  stated  that  the  fossiliferous  rocks  discovered  by  them 
among  the  “  ash-beds”  of  the  Lake  Country  were  on  the  same 
horizon  as  those  associated  with  the  purely  igneous  rocks  of  the 
eastern  parts  of  Cumberland  and  Westmoreland,  which  underlie  the 
Coniston  limestone,  and  are  of  Caradoc  age. 

MICROSCOPICAL  SOCIETY. — May  7. 

Mr.  Wenham  read  a  paper  on  his  new  arrangement  for 
binocular  vision  with  high  powers,  on  which  an  interesting 
discussion  took  place.  No  true  stereoscopic  effect  was  claimed  for 
this  invention  (fully  described  in  our  last  number),  but  it  was 
considered  that  it  would  enable  prolonged  investigations  to  be  made 
with  less  fatigue.  Mr.  Wenham  exhibited  some  objects  very 
beautifully  displayed  by  his  new  method  with  a  twelfth. 


QUEKETT  MICROSCOPICAL  CLUB. — April  27. 

Mr.  Highley  read  a  paper  on  The  Application  of  Photography 
and  the  Magic  Lantern  to  Microscopical  Investigation.  Mr. 
Highley  has  devised  excellent  arrangements  for  these  purposes, 
which  are  highly  esteemed  by  those  who  have  seen  them. 
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Simple  mode  of  obtaining  Soda  from  Common  Salt.  —  The 
ordinary  process  used  for  this  purpose  is  complicated  and  expensive  ; 
one  far  more  simple  and  economic  has  lately  been  discovered.  It 
consists  in  pumping  the  carbonic  acid  obtained  by  transmission  of 
atmospheric  air  through  ignited  fuel  into  a  mixture  which  contains 
one  equivalent  of  common  salt,  one  equivalent  of  carbonate  of 
magnesia,  and  a  small  quantity  of  water,  and  has  been  placed  in  a 
vessel  capable  of  resisting  the  required  pressure.  The  changes 
which  occur  are  very  easily  understood.  The  carbonate  of  magnesia 
becomes  bicarbonate,  and  dissolves  in  the  water.  The  bicarbonate 
of  magnesia  decomposes  the  chloride  of  sodium,  chloride  of 
magnesium  which  remains  in  the  solution,  and  bicarbonate  of  soda 
which  precipitates,  being  the  results.  A  moderate  heat  will  drive 
oh  the  second  atom  of  carbonic  acid  from  the  bicarbonate  of  soda, 
changing  it  into  carbonate.  The  whole  process  lasts  but  about  one 
quarter  of  an  hour,  and  the  magnesia  employed  can  be  used  over 
and  over  again,  since  it  may  be  recovered  by  evaporating  the  solution 
containing  it  as  chloride  to  dryness,  and  raising  the  residue  to  a 
temperature  below  redness.  The  importance  of  a  simple  means  of 
obtaining  soda  from  common  salt  may  be  judged  from  the  fact  that 
seven  hundred  thousand  tons  of  soda,  worth  about  five  millions 
sterling,  are  consumed  annually  in  England. 

Daguerreotypes  on  Copper. — The  process  of  Daguerre  has  certain 
good  qualities  which  have  prevented  it  from  having  been  ever 
entirely  set  aside.  The  cost  of  plated  copper,  hitherto  indispensable, 
has,  however,  always  been  a  serious  objection.  This  difficulty  has 
been  removed ;  and  very  excellent  pictures  may  now  be  obtained, 
by  a  very  simple  method,  on  pure  copper.  It  is  true  that  it  neces¬ 
sitates  a  much  longer  exposure  than  is  desirable,  or  even  possible, 
in  many  cases ;  but  it  is  more  rapid  than  when  plated  copper  is 
employed,  and  it  answers  well  for  a  great  number  of  purposes.  A 
smooth  and  perfectly  clean  copper  plate  is  dipped  for  about  thirty 
seconds  in  a  bath  formed  with  125  grains  sulphate  of  copper, 

( 5  grains  common  salt,  and  2  ounces  of  water  which  has  been 
acidulated  with  a  few  drops  of  any  acid ;  and  after  having  been 
withdrawn,  is  washed,  and  dried  with  a  soft  cloth.  ■  It  is  now  ready 
for  exposure,  and  is  to  be  left  for  a  few  minutes — the  number 
depending  on  the  state  of  the  weather — under  a  glass  negative. 
The  picture  thus  obtained  is  fixed  by  immersion  for  a  few  seconds 
in  a  solution  of  hyposulphite  of  soda,  containing  a  little  chloride 
of  silver.  It  must  be  taken  out  of  the  hyposulphite  as  soon  as  the 
portions  which  were  reddish  whiten,  and  the  shadows  assume  a 
violet  tint,  which  passes  into  black;  and,  having  been  washed,  it  is 
to  be  dried  over  a  spirit  lamp.  As  the  blacks  consist  of  a  fine 
powder,  the  picture  will  be  easily  destroyed  unless  it  is  varnished. 
The  changes  which  take  place  during  the  process  are  not  known 
with  certainty .  It  is  supposed,  however,  that  the  sensitive  surface 
consists  of  protochloride  of  copper,  and  that  the  portion  of  this 
which  has  not  been  acted  on  by  the  light  is  dissolved  by  the 
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hypoehloride,  silver  being  thrown  down  on  the  copper  surface 
thus  laid  bare. 

Daguerreotypes  on  Silvered  Glass. — Besides  pure  copper,  of 
which  we  have  already  spoken,  as  a  substitute  for  plated  copper  in  the 
daguerreotype  process,  another  substance,  silvered  glass,  has  been 
proposed,  and  it  seems  to  possess  peculiar  advantages.  Each  ele¬ 
ment  of  the  old  daguerreotype  plate  has  thus  in  its  turn  been  dis¬ 
carded — the  silver  by  the  use  of  pure  copper,  the  copper  by  the  use 
of  plated  glass,  which,  probably  from  the  absence  of  copper,  is  very 
sensitive.  A  film  of  silver,  so  tenacious  as  to  be  capable  of  being 
burnished,  is  obtained  on  the  glass  by  means  of  Rochelle  salt  in  a 
solution  of  ammonia  and  nitrate  of  silver,  and  tfie  quantity  of  metal 
contained  in  it  is  so  small  that  one  half-penny  worth  of  silver  will 
cover  a  surface  of  nearly  200  square  inches.  An  alcoholic  solution 
of  cyanide  of  potassium  must  be  used  for  fixing,  instead  of  hypo¬ 
sulphite  of  soda,  which  might  break  up  the  silver  surface  ;  and  the 
washing  must  be  effected  with  alcohol  instead  of  water.  The  pic¬ 
tures  obtained  in  this  way  have  a  rosy  tint  which  is  very  pleasing. 
The  mercury  used  in  developing  is  likely  to  pass  through  the  silver, 
so  as  to  produce  a  picture  on  both  sides  of  it. 

Another  Substitute  for  Gunpowder. —  Of  the  substances  which 
have  been  considered  likely  to  supersede  gunpowder,  hitherto,  gun¬ 
cotton  and  nitro- glycerine  have  attracted  the  most  attention.  But 
of  these  the  former,  notwithstanding  its  many  advantages,  is  liable 
to  such  serious  objection,  that  the  Austrian  Government,  notwith¬ 
standing  the  great  preparations  which  had  been  made  for  its 
introduction  into  the  appliances  of  war,  has  issued  the  most 
stringent  prohibitions  against  the  use  of  it.  The  terrible  explosions 
which  have  lately  been  caused  by  nitro-glycerine  will  go  very  far  to¬ 
wards  preventing  its  employment  even  in  mining,  for  which  it  would 
appear  specially  adapted.  Another  substitute  for  gunpowder,  in  the 
form  of  gun  paper,  has  been  recently  proposed,  and  the  experiments 
made  with  it  have  afforded  very  favourable  results.  It  is  formed 
by  impregnating  paper  with  a  composition  which  consists  of  nine 
per  cent,  chlorate  of  potash,  four  and  a  half  per  cent,  nitrate  of 
potash,  three  and  a  quarter  ferrocyanide  of  potassium,  three  and  a 
quarter  powdered  charcoal,  five  hundredths  per  cent,  starch,  six 
hundredths  chromate  of  potash,  and  nearly  eighty  per  cent,  water, 
and  has  been  boiled  for  about  an  hour.  This  mixture  is  perfectly 
safe ;  and  the  paper  impregnated  with  it,%even  in  the  dried  state, 
cannot  be  exploded  by  percussion,  nor  by  a  heat  lower  than  that  of 
ignition.  While  wet,  the  prepared  paper  is  made  into  rolls  of  any 
required  size,  which,  having  been  dried  at  a  temperature  of  212° 
Rahr.,  are  cut  into  cartridges,  that  may  be  protected  from  damp  by 
a  coating  of  xyloidin  dissolved  in  acetic  acid. 

Origin  of  the  Carburets  which  constitute  some  of  the  prin¬ 
cipal  SOURCES  OF  OUR  FUEL  AND  LIGHTING  MATERIALS. — Row  that  SO 
serious,  and  it  may  be  added  general  alarm,  has  been  caused  by  the 
fear  that  our  coal  supply  must  necessarily  be  exhausted  within  a 
limited  period,  it  is  consolatory  to  find  that,  very  probably,  our 
stores  of  substances  which,  at  least,  may  be  made  excellent  sub¬ 
stitutes  for  it  are  being  constantly  replenished.  Should  car- 
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bonaceous  matters  remain  indispensable  for  tbe  purposes  for  which 
we  at  present  nse  them,  a  continuous  provision  of  them  might  be 
expected,  if  we  take  into  account  the  provisions  which  have  been 
made  for  the  wants  of  men.  The  researches  and  experiments  of 
M.  Berthelot  lead  to  the  supposition,  if  not  to  the  certainty,  that 
those  mineral  fuels  which  are  not,  like  ordinary  coal,  derived  from 
transformed  organic  matter,  are  being  produced  continually  by 
mineral  reactions  such  as  geology  would  lead  us  to  expect.  Thus 
there  is  reason  to  believe  that  free  alkaline  metals  at  a  high  tem¬ 
perature,  are  contained  in  the  interior  of  the  earth.  Carbonic  acid 
penetrating  to  these  through  the  solid  crust  would  form  acetylurets ; 
which  coming  into  contact  with  watery  vapour,  in  presence  of 
hydrogen  and  certain  other  bodies,  would  form  either  bitumens  and 
tars,  or  compounds  still  richer  in  hydrogen. 

If  these  conclusions  be  well  founded,  there  is  little  danger  of 
any  failure  in  our  supply  of  asphalt e  and  petroleum ;  and  experi¬ 
ments  have  already  shown  that  these  would  constitute  excellent 
substitutes  as  fuel  for  mineral  coal. 

Miscellaneous.-—-/! ction  of  Certain  Metals  on  a  Strong  Solution  of 
Chlorine. — If  platinum  black  is  introduced  into  a  strong  solution  of 
chlorine  in  water,  the  latter  will  be  decomposed,  hydrochloric  acid 
being  formed  and  oxygen  evolved.  Spongy  platinum  is  still  more 
energetic  in  producing  this  effect  than  platinum  black,  and  spongy 
ruthenium  still  more  so  than  spongy  platinum.  The  ruthenium  pre¬ 
serves  its  power,  though  in  contact  with  the  chlorine  water,  for  a 
long  period,  and  it  acts  as  well  in  the  dark  as  in  the  light.  Bhodium 
is  as  effective  as  ruthenium,  but  pulverulent  iridium  is  much  less  so. 
Schonbein  supposes  that  the  platinum,  etc.,  decompose  the  solution 
of  chlorine,  on  account  of  chlorine  being  a  compound  of  murium 
acid  and  oxygen,  the  latter  being  evolved  because  of  its  becom¬ 
ing  incapable  of  remaining  in  combination,  on  account  of  ceasing  to 
be  ozone.  It  is  certain  that  these  metals  have  the  same  effect  on 
ozonized  oxygen  as  a  temperature  of  302°  Fahr.,  rendering  it  incap¬ 
able  of  acting  on  iodized  starch  paper. - -TJse  of  Paraffin  for  Pre¬ 

serving  Animal  Substances . — Becent  experiments  have  shown  that, 
if  meat  is  first  plunged,  for  a  length  of  time  dependent  on  the  size 
of  the  mass,  into  a  bath  of  paraffin,  which  has  been  raised  to  the 
temperature  of  300’  Fahr.,  and  then  twice  or  thrice  into  a  second 
bath  of  the  same  substance  which  is  at  a  lower  temperature,  it  will 
be  preserved  from  any  change  for  an  indefinite  period.  All  the  air 
and  water  which  would  have  induced  putrefaction  have  been  driven 

off. - New  Application  of  Refraction. — Befraction  is  now  applied  to 

the  determination  of  the  amount  of  a  given  substance  in  a  solution. 
For  this  purpose  empirical  tables  of  the  deviations  caused  by  diffe¬ 
rent  quantities  of  a  given  salt  in  a  solution  having  been  formed,  the 
solution  to  be  tested  is  put  in  the  upper  portion  of  a  hollow  prism, 
divided  in  the  centre,  and  having  its  lower  part  filled  with  distilled 
water.  If  a  scale,  lighted  by  the  flame  of  salted  alcohol,  is  then 
observed  through  the  prism,  the  difference  of  the  deviations  pro¬ 
duced  by  the  two  liquids  will  be  seen ;  and,  from  this,  the  quantity 
of  salt  in  the  given  solution  may  be  found  by  the  table. 
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W  orms  and  Staphylinid^:. — Mr.  IT.  S.  Heineken,  of  Sidmouth,  writes  to 
tell  us  that  Mr.  Bray,  photographer  of  that  place,  saw,  on  the  8tli  of  April,  a 
large  worm  crawl  out  of  the  ground,  and  suffering  attack  from  an  insect  “  of 
rather  a  yellow  colour,  and  about  the  size  and  not  unlike  an  earwig.”  Mr. 
Stainton,  after  seeing  a  sketch,  kindly  informs  us  that  the  creature  must  have 
“  been  one  of  the  staphylinidse,  either  in  the  larval  or  perfect  state,  probably  the 
former.”  The  worm  only  succeeded  in  escaping,  at  the  expense  of  losing  two 
segments,  on  which  the  insect  fed.  Mr.  Stainton  saw  a  similar  battle  in  May,  in 
which  a  staphylinus  cut  off  about  two  inches  from  a  worm,  which  still  continued 
to  struggle  with  its  captor.  For  a  similar  account  we  refer  our  readers  to  Dallas 
Elements  of  Entomology,  p.  86.  Swannerdam,  cited  by  Westwood  (vol.  i.  p.  166), 
says  that  the  staphylinus  “  can  very  quickly  kill  earthworms  with  its  teeth,  and 
afterwards  suck  them.” 

Aiey  on  Tide  Feiction. — Monthly  Notices ,  vol.  xxvi.,  No.  6,  contains  an 
important  paper  by  the  Astronomer  Royal,  on  the  supposed  effect  of  friction  in 
the  tides  in  “  influencing  the  apparent  acceleration  of  the  moon’s  mean  motion  in 
longitude.”  Mr.  Airy  refers  to  M.  Delaunay’s  opinion  that  the  apparent 
acceleration  of  the  moon  is  due  to  a  real  retardation  of  the  earth,  arising  from 
friction  in  the  tidal  movement  of  the  waters  ;  and  after  an  elaborate  investigation, 
only  intelligible  to  good  mathematicians,  he  says,  “  I  am  very  happy  to  give  my* 
entire  assent  to  the  general  views  of  M.  Delaunay  on  the  existence  of  one  real 
cause  for  the  retardation  of  the  earth’s  motion.” 

The  Companion  to  Sieius  was  seen  by  Mr.  G-.  Knott,  of  Cuckfield,  on  the 
24th  of  January,  with  his  '7^-inch  Alson  Clarke  refractor.  He  says,  “I  was 
surprised  to  find  the  small  companion,  notwithstanding  bright  moonlight,  a 
tolerably  conspicuous  object.  Its  colour  was  a  fine  pale  blue  (about  blue3  of  the 
late  Admiral  Smyth’s  chromatic  scale),  and  it  has  a  sufficiently  strong  illumination 
to  allow  of  my  measuring  it  in  position  and  distance  with  a  wire  micrometer 
mag.,  power  375.  P.  77°  21 ;  obs.  5  W.  22  ;  D.  10"’433  ;  obs.  4  W.  10  ;  epoch 
1866‘064  ( Monthly  Notices ).  These  measures  agree  approximately  with  a  series 
made  at  Washington.  See  Ast.  Nachr .,  No.  1584. 

The  Companion  op  Antaees. — Mr.  Cottam  has  a  letter  in  Monthly  Notices 
referring  to  Mr.  Freeman’s  account  of  his  seeing  the  above  object  at  Mentone, 
and  stating  that  at  Bushey  Heath,  near  Watford,  on  two  evenings  last  summer, 
he  saw  it  without  difficulty  with  a  4J-inch  object-glass.  Many  of  our  readers, 
with  moderate-sized  instruments,  may  have  a  similar  chance  this  summer. 

Fluoeescence. — Dr.  Bence  Jones  and  Dr.  Dupree  describe  in  Proceedings 
of  the  Royal  Society  an  extractible  fluorescent  substance  in  animals  and  man,  and 
they  give  the  following  remarkable  experiments  on  the  delicacy  of  the  fluorescent  test 
of  sulphate  of  quinine  : — “  One  grain  of  sulphate  of  quinine  was  dissolved  in  five 
ounces  of  acidified  water,  and  this  was  again  and  again  diluted  until  one  grain  of 
quinine  salt  was  present  in  1.800,000  parts  of  water.  This,  when  examined  in  a 
quartz  cell  by  the  induction  spark,  showed  blue  fluorescence  distinctly  in  twenty 
grains  of  solution.”  In  another  experiment  one  grain  of  the  salt  was  dissolved 
in  one  litre  of  water,  and  diluted  to  512  litres.  “  This  was  equal  to  one  part  in 
7,200,000  parts  of  water.  As  the  fluorescence  could  be  seen  in  twenty  grains  of 
this  solution,  of  a  grain  of  sulphate  of  quinine  gives  fluorescence.”  They 

add,  “  If  one  grain  of  disulphate  of  quinine,  dissolved  in  a  thousand  litres,  or 
one  part  of  quinine  to  15,440,000  of  water,  it  is  still  perceptible  in  one  ounce  of 
the  solution.” 

Seeley  on  Pteeodactyles. — Mr.  Seeley  adduces  reasons  for  supposing  that 
the  “  Pterodactyle  was  quadruped,  and  when  not  flying,  carried  its  wings  folded  up 
in  front  of  the  fore  limbs.”  From  a  consideration  ef  various  points  of  structure, 
he  concludes  that  “the  Pterodactyle’s  place  in  nature  appears  to  be  side  by  side 
with  the  birds,  between  the  reptiles  and  the  mammals.”  Ann.  Nat.  Mist. 

Vocal  Powees  of  Fish.— In  a  former  number  we  gave  an  account  of 
M.  Dufosse’s  researches  into  the  vocal  organs  possessed  by  certain  fishes.  He  has 
recently  brought  the  subject  again  before  the  French  Academy.  He  observes  that 
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nature  has  not  preserved  amongst  fishes  that  unity  of  mechanism  for  sonorous 
purposes  which  exists  in  the  three  first  classes  of  vertebrates.  The  least  favoured 
species  have  an  apparatus  in  which  muscular  vibration  is  the  principal  motive 
power.  Others  can  make  blowing  noises  ( bruits  de  souffle)  like  certain  reptiles  % 
while  some  can  only  make  stridulous  noises  by  a  mechanism  resembling  that  of 
insects.  The  Maigres  (Scisenoid  fishes)  have  the  most  perfect  vocal  organs,  with 
tubular  ramifications  of  the  air-bladder,  associated  with  muscular  bands. 

Boring-  Polyzoa. — M.  P.  Fischer  says  in  Comptes  Rendus ,  “  Among  the 
brylyozoa  (polyzoa)  the  existence  of  boring  cells  is  "a  fact  almost  new.  Some 
Lepralia  and  Cellipora  were  known  to  act  slightly  upon  the  surface  of  the  shells 
on  which  they  fixed  themselves  ;  but  before  the  discovery  of  Alcide  D’Orbigny  no 
one  saw  such  objects  lodged  in  the  interior  even  of  shells.”  M.  D’Orbigny 
instituted  the  genus  Terebripora  for  two  boring  polyzoa  which  he  discovered  in 
South  America.  M.  Fischer  says,  besides  the  Terebripora,  he  has  discovered  on 
the  coasts  of  the  Gironde  and  Charente  Inferieure  a  polyzoon  of  the  same 
family  which  he  calls Spathipora.  It  has  alternate  cells,  borne  on  alternate  axes, 
and  makes  elegant  patterns  in  the  shells  it  attacks,  like  the  arborescent  forms  of 
Sertularia.  He  has  not  been  able  to  ascertain  in  what  way  this  boring  is  effected. 

Composition  op  Tallow. — Mr.  Chevreul  states,  in  Comptes  Rendus,  that 
mutton  tallow  contains  twenty-nine  separate  substances,  amongst  which"  are  a 
number  of  acids.  The  majority  are  united  with  potash,  some  with  ammonia,  lime, 
magnesia,  oxides  of  iron,  manganese,  and  copper.  He  enumerates  thirteen  of 
these  acids,  and  states  that  he  has  discovered  another,  which  he  proposes  to  term 
elique,  from  tkaiov,  oil,  a  name  which  comes  awkwardly  near  that  of  another  acid 
which  is  already  known  as  elaic.  This  elique  acid  he  describes  as  colourless, 
rather  heavier  than  water,  liquid  at  ordinary  temperatures,  and  almost  insoluble 
in  water.  With  baryta  it  forms  a  soluble  salt,  a  dilute  solution  of  which  becomes 
turbid,  and  deposits  a  substance  like  a  varnish  on  the  walls  of  the  containing 
vessel. 

A  Variable  Diamond.-— M.  M,  Halphen  has  presented  to  the  French  Aca¬ 
demy  a  remarkable  diamond,  of  which  the  following  account  is  given  in  Comptes 
Rendus  : — “In  its  normal  state  this  stone  is  white,  slightly  tinged  with  brown. 
When  subjected  to  the  action  of  fire,  it  assumes  a  clear  rose  tint,  which  it  keeps 
from  eight  to  ten  days,  and  which  it  gradually  loses  to  revert  to  its  original 
appearance.  This  modification  may  be  effected  at  will/and  it  has  actually  been 
caused  five  times.  It  was  first  noticed  by  an  observer  who  accidentally  exposed  it 
to  prolonged  heat.  Similar  experiments  made  with  other  diamonds  have  not 
yielded  the  same  result.  This  question  of  colouration  will  be  readily  appreciated 
by  the  Academy  when  it  is  informed  that  the  stone  in  its  normal  state  is  worth 
about  60,000  francs,  while  if  the  rose  tint  were  permanent,  it  would  be  worth 
from  150,000  to  200,000  francs.” 

t  Guillemin’s  “  The  Heavens”  (Le  Ciel).— ' We  have  waited  for  the  third 
edition  of  this  excellent  work  to  institute  a  fair  comparison  between  the  original 
and  Mr.  Lockyer’s  well-executed  translation,  which  is  seriously  damaged  in  value 
by  the  inferiority  of  the  plates.  In  the  French  edition  before  us  they  are  singu¬ 
larly  beautiful,  and  executed  very  much  in  the  style  which  our  readers  are  ac¬ 
quainted  with  from  the  artistic  drawings  of  the  Hon.  Mrs.  Ward  in  this  magazine 
and  in  her  Telescope  Teachings.  We  are  obliged  to  postpone  a  lengthened  com¬ 
parison  of  the  third  edition  of  Guillemin  and  the  translation  of  the  second,  pub¬ 
lished  by  Mr.  Bentley.  The  third  French  edition  enjoys  the  especial  commenda¬ 
tion  of  Le  Verrier ;  and  although  its  plates  are  finer  than  Mr.  Bentley’s,  and  the  type 
is  larger  and  handsomer,  the  price  is  much  less.  Mr.  Bentley’s,  with  the  inferior 
plates,  is  issued  to  the  public  for  £1  11s.  6d.,  while  the  third  French  edition  mav 
be  had  for  £1.  J 
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Fig.  1.— Aserde  rubra.  Labill. 

Fig.  2.— Simblum  flavescens,  Kurtz. 

Fig.  3.— Oynophallus  bambusitius.  Zollmg. 


Fig.  4.— Dictyophora  phalloidea,  Lev. 
Fig.  5.  —  Clathrus  tnscapus,  Fries. 
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EGG  FUNGI. 

BY  THE  EEV.  M.  J.  BERKELEY,  M.A.,  F.L.S. 
( With  a  Coloured  and  Tinted  Plate.) 


A  drawing  of  a  beautiful  fungus  was  lately  forwarded  to  tlie 
editor  of  tbe  Intellectual  Observer,  wbicb  was  gathered  in 
dark  rick  soil  at  Riverstone,  on  the  Clarence  river,  Australia, 
with  the  information  that  its  charming  form  and  colouring 
were  hardly  sufficient  compensation  for  its  detestable  odour. 
This  latter  attribute  is  characteristic  of  the  whole  group  to 
which  it  belongs,  and  which  is  illustrated  here  on  account  of 
the  very  curious  and  striking  characters  which  the  species 
frequently  present,  so  that  they  are  always  objects  of  interest 
to  travellers,  insomuch  that,  while  other  fungi  are  neglected, 
drawings  of  these  are  often  sent  home;  though  good  specimens 
are  rare  in  herbaria,  as,  from  their  soft  and  partially  gela¬ 
tinous  consistence,  they  do  not  preserve  their  distinctive 
character  well  when  dry. 

Many  of  the  finest  forms  occur  in  countries  where  the 
temperature,  during  at  least  a  portion  of  the  year,  is  high ; 
but  we  are  not  without  examples  in  our  own  country,  one 
out  of  three  species  which  belong  to  our  mycological  list 
(Clathrus  cancellatus)  being  most  conspicuous  from  its  bright 
coral  red  net-work,  springing  out  of  a  white  gelatinous  volva. 
This,  however,  is  one  of  our  rarer  fungi,  and  occurs  only  in  the 
southern  parts  of  our  island,  though  it  is  not  uncommon  in 
southern  Europe.  Beautiful,  however,  as  it  is,  the  odour  is 
not  less  offensive  than  that  of  the  common  stinkhorn  ( Phallus 
imjmdicus ),  which  is  abundant  in  many  parts  of  Great  Britain, 
extending  as  far  north  as  Aberdeenshire,  where  I  have  seen  it 
in  great  perfection.  The  shrubberies  at  Kew  are  at  certain 
seasons  of  the  year  infested  by  it,  so  as  to  make  it  disagreeable 
to  walk  in  them,  scores  of  specimens  often  occurring  within  a 
circle  of  a  few  yards.  A  single  specimen,  indeed,  is  quite 
VOL.  IX. — -NO.  VI.  D  D 
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enough  to  taint  the  air  for  a  great  distance,  and,  in  conse¬ 
quence,  a  letter  was  last  autumn  sent  to  the  Times  newspaper 
from  Surrey,  gravely  asking  whether  it  might  not  be  the 
cause  of  a  prevalent  epidemic.  Disgusting,  however,  as  the 
fructifying  mass  is  which  drips  down  from  the  plant  when 
mature,  it  is  a  favourite  food  of  flies,  which  devour  it  greedily. 
A  variety  occurs  on  the  eastern  coast,  which  has  been  figured 
by  Curtis  in  his  genera  of  British  insects,  under  the  name 
of  Phallus  iosmos ,  which  is  said  to  have  the  scent  of  violets  ; 
but  this  is  so  contrary  to  the  general  nature  of  these  fungi, 
that  the  matter  certainly  requires  confirmation.  The  observa¬ 
tion  that  if  one  has  courage  enough  to  hold  the  stink-horn 
near  enough,  the  odour  loses  much  of  its  character,  is  not  con¬ 
firmed  by  my  own  observations. 

It  would,  however,  be  hardly  fair  upon  those  mal-odorife- 
rous  fungi  to  give  them  so  bad  a  character,  without  pointing  to 
the  fact  that  there  are  other  fungi  which  far  exceed  them,  in 
this  offensive  quality.  Thelephora  fastidiosa  is,  to  my  appre¬ 
hension,  still  more  disgusting  ;  and  there  is  a  white  Oorticium 
which  grows  on  sawdust  which  is  equally  obnoxious ;  but 
assuredly  the  worst  I  have  ever  met  with  is  Thelephora  fcetida, 
which  I  have  gathered  only  in  fir  woods  in  Aberdeenshire. 
When  first  observed,  there  is  nothing  very  peculiar  in  the 
scent,  but  after  being  enclosed  for  a  few  minutes  in  the  vascu- 
lum,  it  is  almost  insupportable.  I  shall  not  easily  forget  my 
horror,  when,  in  going  up  to  my  room  where  I  had*  deposited 
my  specimens,  there  was  the  most  odious  scent,  as  if  it  con¬ 
tained  a  putrid  corpse.  I  have  no  doubt  that  if  I  had  been  at 
an  inn,  I  should,  have  been  coolly  requested  to  change  my 
quarters,  if  a  policeman  had  not  come  with  a  search-warrant, 
to  see  if  I  had  not  committed  some  dreadful  crime.  I  was 
unwilling,  however,  to  lose  my  specimens,  and  found  that, 
till  I  had  enfolded  them  in  twelve  wrappers  of  thick  paper, 
they  did  not  cease  to  bewray  their  presence. 

It  is  time,  however,  to  take  a  more  aesthetic  view  of  these 
vegetables;  for  if  will  be  seen  from  the  illustrations  which 
accompany  this  notice,  that  they  are  most  attractive  to  the  eye, 
if  not  to  another  sense. 

In  all  the  species,  the  part  which  bears  the  fructification  is 
inclosed,  when  young,  in  an  egg-like  body,  consisting  of  at 
least  three  strata,  the  inner  one  of  which  is  thick  and  gelatin¬ 
ous,  from  which  circumstance  I  have  termed  them  Egg  Fungi. 
This  volva,  or  wrapper,  bursts  either  irregularly,  or  splits  into 
several  lobes.  In  some  instances,  the  fructifying  part,  in 
acquiring  its  full  development,  increases  so  rapidly,  or  the 
lacunas  with  which  it  abounds  change  their  dimensions  so  sud¬ 
denly,  being  at  first  much  compressed  from  being  packed  in  a 
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very  small  space,  that  the  volva  opens  with  a  loud  report,  or 
bursts  any  fragile  body  within  which  it  may  be  confined.  In 
New  Zealand,  where  everything  that  can  possibly  be  eaten  is 
an  object  of  research,  the  volva  of  species  of  Ileodidyon 
(Fig.  9),  and  possibly  the  receptacle  also,  when  free  from 
the  fructifying  mass,  is  consumed  by  the  natives,  by  whom  it 
is  known  by  a  name  equivalent  to  thunder-dirt  ( Paru  watitiri); 
but  whether,  from  something  of  the  same  notion  from  which  in 
our  own  country  the  gelatinous  masses,  so  common  on  our 
gravel  walks  after  rain,  belonging  to  the  genus  Nostoc ,  are 
termed  fallen  stars,  or  because,  like  many  other  fungi,  the 
Xleodictya  are  most  common  after  thunder  storms,  I  am  unable 
to  say.  A  Lysurus  ( L .  Moknsin ),  of  which  genus  a  species  is 
given  in  the  tinted  plate  (Fig.  10),  is  employed  by  the  Chinese 
as  a  remedy  for  cancerous  ulcers.  Beyond  this,  I  am  not 
aware  of  any  use  to  which  the  egg  fungi  are  applied.  Amongst 
the  puffballs,  there  is  a  very  curious  genus,  Battarea ,  which 
has  a  peridium  seated  on  a  very  long  stalk,  which  is  at  first 
inclosed  in  a  very  similar  volva,  and  on  a  small  scale,  the  curi¬ 
ous  genus  Sphoerobolus ,  which  was  illustrated  in  the  Intel¬ 
lectual  Observes,  Yol.  vi.,  p.  252,  presents  a  volva  which, 
affords  certain  points  of  comparison.  These  are  the  only 
instances,  apart  from  the  egg  fungi,  where  there  is,  as  far  as  I 
recollect,  a  similar  structure. 

The  species  may  be  divided  conveniently  into  four  groups, 
in  the  first  of  which,  the  sessile  receptacle,  is  either  decidedly 
reticulate,  or  consists  of  a  few  columns  united  above  (Figs.  5, 
8,  9)  ;  in  the  second,  it  forms  a  reticulated  body,  surmounting  a 
stem  of  greater  or  less  height  (Fig.  2) ;  in  the  third,  it  consists 
of  a  stipitate  cap  (Figs.  3,  4) ;  while  in  a  fourth,  it  is  divided 
into  a  number  of  radiating  lobes,  and  is  either  more  or  less 
sessile,  or  decidedly  stipitate.  (Figs.  1,  6,  7,  10.) 

The  genus  Glathrus  (Figs.  5,  8)  occurs  in  various  parts  of  the 
world,  but  not  in  high  northern  latitudes.  In  the  more  typical 
species,  the  receptacle  is  reticulate  throughout,  but  in  others 
it  is  reticulate  at  the  base  only,  as  in  Glathrus  pusillus  (Fig.  8) , 
while  in  one  or  two  species  the  receptacle  is  merely  columnar. 
In  all,  it  is  more  or  less  lacunose,  while  in  a  few  it  is  beautifully 
crisped  or  puckered,  as  in  Glathrus  crispus.  It  is  uncertain 
whether  Glathrus  triscapus ,  or,  as  it  is  sometimes  called,  La¬ 
ter  ne  a  triscapa,  is  divisible  into  two  or  more  species.  One 
(Fig.  5)  taken  from  a  drawing  made  in  Java  has  the  columns 
bisulcate  within,  and  deeply  puckered,  while  in  one,  of  which 
X  have  a  coloured  figure  on  rice  paper,  from  the  vVfist  Indies, 
they  appear  to  be  even.  A  careful  examination  of  fresh  or 
w^ell-dried  specimens  is  requisite  to  determine  the  point  accu¬ 
rately.  A  closely  allied  species,  referred  to  a  distinct  genus  Golus , 
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which  is,  however,  scarcely  distinct,  occurs  in  southern  Europe. 
Ileodictyon  is  separated  from  Glathrus  on  account  of  the  branches 
of  the  receptacle  being  hollow  and  free  from  lacunae.  In 
all,  the  hymenium  is  situated  on  the  inner  side  of  the  recep¬ 
tacle,  and  consists  at  first  of  a  delicate,  highly  sinuated  mass, 
which  bears  a  number  of  naked  spores  on  sporophores,  as  in 
the  higher  fungi.  As  soon  as  these  are  well  developed,  the 
membranous  walls  are  decomposed,  and  by  the  time  the  volva 
bursts,  the  whole  forms  an  olive  coloured,  semifluid  body, 
which  either  falls  away  in  drops,  or  is  carried  off  by  insects. 

In  the  second  group,  which  consists  of  the  genus  Simblum, 
the  structure  is  much  like  that  of  Glathrus,  only  the  reticulate 
receptacle  is  elevated  on  a  tall  stem.  Three  species  are  at 
present  known ;  one,  on  which  the  genus  was  founded,  from 
Mauritius;  the  second  from  Ceylon,  and  the  very  beautiful 
species  here  figured  (Fig.  2),  Simblum  flavescens,  Kurtz,  which 
occurs  on  the  trunks  of  bamboos,  and  near  the  cottages  of  the 
natives,  in  the  rainy  season,  during  the  months  of  April,  May, 
and  June,  in  Java.  It  is  mostly  solitary,  with  an  ovate,  obtuse 
head,  confluent  with  the  pale  sulphur-coloured  hollow  stem ; 
the  reticulations  are  at  first  hexagonal,  and  are  filled  up  with 
the  olive  hymenium ;  this,  however,  soon  vanishes,  and  leaves 
the  meshes  distinct ;  the  stem  is  elastic  and  spongy ;  the  volva 
globose,  and  bursts  irregularly.  The  sides  of  the  reticulations 
are  elegantly  sinuated. 

In  the  third  group  the  head  is  undivided,  perfectly  distinct 
from,  or  confluent  with,  the  stem ;  even,  undulated  or  deeply 
pitted,  and  either  pierced  at  the  apex  with  a  pore  which  com¬ 
municates  with  the  hollow  of  the  stem,  or  quite  imperforate. 
To  the  former  group  belongs  the  beautiful  genus  Didyophora . 
(Fig.  6),  which  is  apparently  confined  to  tropical  or  subtropical 
countries.  The  head  is  seated  on  the  top  of  the  stem  like 
a  pileus,  being  perfectly  free  beneath,  and  between  it  and  the 
stem  hangs  down  a  delicate  reticulated  appendage  of  con¬ 
siderable  length  and  width,  the  meshes  of  which  are  either 
smooth  or  striated,  the  whole  being,  as  if  to.  prove  that  there 
is  nothing  new  under  the  sun,  an  anticipation  of  the  favourite 
crinoline.  The  species  at  present  are  very  imperfectly  known, 
as  their  characters  are  not  well  preserved  in  dried  specimens. 
That  figured  here  grows  on  trunks  of  bamboos  in  Java,  and 
appears  to  be  Didyophora  phalloidea ,  Lev.  (Fig.  4.)  In  the 
specimen  figured,  the  network  is  white,  but  a  variety  occurs 
in  which  it  is  of  a  beautiful  saffron.  Two  other  species  occur 
in  Java  on  bamboo,  or  on  rich  soil,  one  of  which,  collected  by 
Zollinger,  and  supposed  to  be  the  true  Phallus  Dcemonum  of 
Rumph,  has  the  cap  deeply  pitted,  and  the  network  crenulate 
and  of  a  delicate  yellow ;  in  the  other,  Didyophora  merulina , 
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6.  — Calatkiscus  sepia,  Mont. 

7-— Aseroe  viridis,  Berk,  and  Hook,  fil. 
8,— Clathrus  pusiUna,  Berk. 


9.—  Ilcodictyon  gracile,  Berk. 
10.— Lysurus  aserdefornais,  Corda. 
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Berk.,  the  reticulations  are  gill-like,  and  tke  ocliraceous  head 
rivulose.  This  occurs  at  all  seasons,  and  appears  to  be  the 
more  frequent  of  the  three. 

The  curious  fungus  (Fig.  3),  figured  from  a  beautiful 
drawing  by  Kurtz,  belongs  to  the  imperforate  set.  It  is  Gyno- 
‘ phallus  bambusinus ,  Zollinger,  and,  like  the  DictyopJwrce  just 
mentioned,  grows  on  the  trunks  of  bamboo  in  Java.  It  is 
gregarious,  with  an  elongated  conical  subacute  receptacle, 
strongly  papillose,  and  of  a  deep  purple  red ;  the  stem  is  fistu- 
lose  and  rose  coloured,  the  volva  white.  The  head  is  some¬ 
times  crowned  with  a  portion  of  the  ruptured  volva.  We  have 
a  species  of  the  same  genus  in  Great  Britain,  but  it  is  not  of 
very  common  occurrence,  though  one  of  our  most  interesting 
fungi. 

We  now  come  to  the  fourth  group,  in  which  the  receptacle 
is  more  or  less  deeply  divided,  the  divisions  being  distinct 
above  and  not  united,  as  in  the  columnar  Clathri,  with  which 
they  are  closely  connected.  Lysurus  Archeri ,  Berk.,  beauti¬ 
fully  figured  in  the  botany  of  the  antarctic  voyage,  is  quite 
destitute  of  a  stem,  and  differs  mainly  from  Clathrus  triscapus 
in  the  divisions  not  being  united  above.  Its  close  affinity, 
however,  with  Aseroe,  to  be  noticed  presently,  is  indicated  by 
the  tip  being  very  shortly  bifid,  though  the  divisions  do  not 
seem  to  separate  readily  from  each  other.  In  other  species, 
as  in  Lysurus  mokusin  and  L.  aserdiformis  (Fig.  10),  there  is  a 
long  distinct  stem.  The  volva  of  the  former  is  eaten  by  the 
Chinese,  but  often  proves  poisonous;  and  when  calcined,  as 
mentioned  above,  the  plant  is  a  favourite  remedy  for  gangrenous 
ulcers.  In  Lysurus  aserdiformis  (Fig.  10),  as  the  name  implies, 
the  divisions  of  the  receptacle  are  so  deep,  that  it  is  essentially 
a  highly  stipitate  Aseroe.  It  was  found  by  Sieber  in  x\usfcralia. 
The  receptacle  is  of  a  beautiful  rose  colour,  inclining  in  parts 
to  carmine. 

Aseroe  is  distinguished  from  typical  Lysuri  by  the  deeply 
bifid  rays  of  the  receptacle.  Aseroe  rubra  (Fig.  1)  appears  to 
assume  a  great  number  of  forms.  I  had  the  advantage  of 
comparing  numerous  specimens  with  the  late  Mr.  ft.  Brown, 
and  we  both  came  to  the  conclusion,  that  A.  pentactina ,  and 
the  very  different  looking  plant  as  figured  by  Labillardiere, 
and  which  once  came  up  in  some  soil  from  New  Holland,  at 
Kew,  were  in  reality  the  same  species.  A.  rubra  (Fig.  1)  is  a 
most  elegant  fungus.  The  pileus,^  after  a  description  by  M. 
Leichardt,  by  whom  the  drawing  copied  in  our  coloured  plate 
was  made,  is  divided  into  eight  rays,  each  of  which  is  forked, 
the  divisions  being  acuminated  and  slightly  twisted.  The 
centre  of  this  pileus  is  perforated  by  a  rather  large  irregular 
aperture,  by  means  of  which  there  is  a  communication  with 
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the  cavity  of  tlie  stipes  and  the  atmosphere.  A  dark  brownish 
moist  matter  covers  the  upper  surface  of  the  disc.  The  rays 
are  of  a  fine  bright  scarlet  above,  while  the  under  surface  and 
stem  are  of  a  pale  rose  colour.  An  attentive  observation  with 
a  lens  exhibits  minute  openings,  one  at  the  base  of  each  ray, 
which  communicates  with  larger  holes  immediately  beneath  the 
upper  layer  of  the  disc. 

The  other  species  figured  Aserde  HooJceri,  Berk.  (Fig.  7), 
was  originally  found  by  Dr.  Hooker  on  clay  banks  or  hills 
near  the  Bay  of  Islands,  New  Zealand.  It  differs  essentially 
in  the  transversely  wrinkled  stem  ;  and  the  mode  in  which  the 
half  rays  of  each  pair  are  connected  with  each  other,  calling  to 
mind  the  arrangement  in  the  column  of  Asdepiadice.  The 
rays  are  strongly  grooved  beneath,  and  perfectly  distinct  from 
the  stem.  Two  forms  are  found,  the  one  which  we  owe  to 
Mr.  Colenso,  of  a  more  or  less  deep  red,  the  other  of  a  metallic 
green. 

An  Aserde  occurs  in  Ceylon  in  which  the  rays  seem  to  be 
more  irregular,  paving  the  way  for  Dr.  Montague's  genus 
Galathiscus ,  in  which  all  the  rays  are  equal.  Galathiscus  sepia, 
Mont.  (Fig.  6),  was  found  near  Ootacamund  in  Western  Hin- 
dostan,  near  the  roots  of  trees  in  moist  wroods  in  rainy  weather 
in  September.  The  stem  is  about  two  inches  high,  and  con¬ 
fluent  with  the  receptacle,  which  is  dilated  so  as  to  present  the 
form  of  a  calathus.  The  margin  is  divided  half-way  into  about 
twenty  equal  divisions,  which  are  greatly  attenuated  and  curled 
inwards  at  the  top  ;  the  volva  is  globular  and  white,  the  rest  of 
the  fungus  pale  pink,  with  the  exception  of  a  narrow  ring  which 
surrounds  the  open  top  of  the  stem,  which  is  the  hymenium. 

Several  other  genera  might  have  been  added,  but  enough 
are  given  to  show  the  general  character  of  a  highly  interesting 
group. 

The  Figures  represent-—! .  Aserde  rubra ,  half  natural  size  ; 
2.  Simblum  flavescens,  one-third  natural  size ;  3.  GynopJiallus 
bambusinus,  half  natural  size ;  4.  Didyophora  phalloidea,  half 
natural  size ;  5.  Clathrus  triscapus,  half  natural  size ;  6.  Gala¬ 
thiscus  sepia ,  three-eighths  natural  size ;  7.-  Aserde  Uooheri , 
half  natural  size;  8.  Glathrus  pusillus,  half  natural  size;  9. 
Ileodidyon  gracile ,  three-fourths  natural  size  ( Ileodidyon  ciba - 
rium,  the  New  Zealand  species,  is  much  larger) ;  10.  Lysurus 
aserdiformbs ,  two-thirds  natural  size. 
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ON  THE  APPLICATION  OP  SCIENTIFIC  DISCOVERY 

TO  THE  USEFUL  ARTS. 

No.  II. 

BY  PROFESSOR  iPGAULEY. 

In  a  recent  paper  I  endeavoured  to  recall  to  tlie  mind  of  the 
reader  some  important  applications  of  science,,  having  refe¬ 
rence  especially  to  a  saving  of  labour.  I  shall  now  direct 
attention  rather  to  the  effect  of  scientific  discovery  in  the  pre¬ 
vention  of  injury  to  health,  or  of  pecuniary  loss  from  unne¬ 
cessary  waste,  and  in  the  production  of  new  and  valuable 
materials.  On  this,  as  on  the  former  occasion,  only  a  few  ex¬ 
amples  can  be  selected  from  the  many  which,  testify  to  the 
advantages  conferred  by  science  on  mankind;  but,  wherever 
we  turn,  we  are  met  by  undoubted  proofs  of  its  effect,  in 
diminishing  the  inconveniences  under  which  we  labour,  or  aug¬ 
menting  the  sources  of  our  enjoyment.  In  treatiug  this  sub¬ 
ject,  the  difficulty  is,  not  to  find  matter,  but  to  make  selections 
from  it,  where  so  many  interesting  and  important  examples 
force  themselves  on  our  view. 

The  amount  of  fuel  which,  in  the  shape  of  coal,  has  been 
provided  for  us  is  very  great,  but  the  supply  is  not  inex¬ 
haustible.  On  public  grounds,  therefore,  it  becomes  highly 
desirable  to  economise  this  important  substance,  but  still  more 
from  considerations  connected  with  private  interest.  In  almost 
every  article  we  purchase,  the  cost  of  its  production  depends, 
either  directly  or  indirectly,  on  the  cost  of  the  fuel  which  has 
been  employed  in  preparing  it.  With  our  ordinary  modes  of 
producing  combustion,  the  waste  of  heat  is  enormous,  and 
therefore  the  cost  of  the  fuel  is  greatly  augmented.  This  be¬ 
comes  apparent,  if  we  consider  the  vast  amount  of  heat  carried 
away,  along  with  the  products  of  combustion,  by  the 
chimney;  the  effect  really  obtained  from  the  fuel  being  due 
only  to  the  excess  of  the  heat  produced  by  combustion  over 
that  existing  at  the  time  in  the  body  to  be  heated.  It  is,  for 
example,  clear  that,  were  the  water  in  the  boiler  at  the  same 
temperature  as  the  interior  of  the  furnace,  no  additional  heat 
would  be  communicated  to  it ;  and,  by  consequence,  the  whole 
of  the  heat  produced  by  combustion  would  be  carried  up  the 
chimney  and  wasted.  The  high  temperature  which,  therefore, 
is  required  to  maintain  a  difference  between  the  temperature 
of  the  body  to  be  heated,  and  that  of  the  source  whence  the 
heat  is  obtained,  is  in  itself  another  source  ol  waste.  The 
greater  the  heat  of  the  furnace,  the  greater  the  loss 
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by  radiation,  and  the  greater  tbe  current  of  heated 
air  which  passes  off  into  the  external  atmosphere ;  so 
that  the  very  effort  made  to  obtain  a  sufficient  temperature 
renders  the  attainment  of  it  still  more  difficulty  and  greatly 
increases  the  quantity  of  heat  evolved  without  giving  rise  to 
any  useful  result. 

These  disadvantages  attending  combustion,  as  ordinarily 
effected,  have  long  been  a  source  of  regret  to  manufacturers 
and  men  of  science ;  and  numberless  efforts  have  been  made, 
if  not  to  get  rid  of  them  altogether,  at  least  to  diminish  the 
loss  which  they  cause.  But  very  little  was  done  in  further¬ 
ance  of  this  most  desirable  object,  until  the  principle  of  the 
regenerative  furnace  was  successfully  applied.  The  evil  was 
very  difficult  to  be  cured.  The  loss  is  chiefly  caused  by  a 
great  quantity  of  the  heat  being  carried  along  with  the  pro¬ 
ducts  of  combustion  into  the  chimney  :  but  lessening  or  imped¬ 
ing  the  current  in  the  latter,  by  diminishing  the  supply  of  air, 
would  render  the  combustion  less  intense,  and  therefore  insuf¬ 
ficient.  The  application  of  a  principle,  however,  which  has 
been  long  known,  and  in  use  in  other  ways,  afforded  a  solution 
to  the  important  problem,  and  without  interfering*  in  any 
manner  with  the  amount  of  air  supplied  for  combustion ;  wffiile, 
at  the  same  time,  nearly  all  the  heat  contained  in  the  products 
of  combustion  is  intercepted  and  retained.  The  means  em¬ 
ployed  for  the  purpose  are  so  simple,  that  it  is  surprising 
their  application  was  so  long  delayed.  But  so  it  is  with 
nearly  all  great  improvements  in  science.  They  depend 
on  the  easy  application  of  some  simple,  and  often  well-known, 
principle :  and  they  do  not  strike  the  minds  of  experiment¬ 
alists  at  once,  simply,  perhaps,  because  it  is  intended  that  our 
intellectual  development  should  in  every  way  be  gradual — one 
great  truth  in  science  not  being  rendered  obvious  to  inquirers 
until  those  already  known  have  been  worked  out  and  utilized. 

The  regenerative  furnace,  the  invention  of  Mr.  Siemens, 
thoroughly  economises  heat.  It  is  believed  to  lessen  the  con¬ 
sumption  of  fuel  to  the  extent  of  from  forty  to  sixty  per  cent,; 
and,  which  is  a  matter  of  scarcely  less  importance  in  the  produc¬ 
tion  of  iron,  it  allows  inferior  ores  to  be  used.  Other  and  greater 
advantages  also  accompany  its  use.  By  means  of  it  a  very 
intense  heat  may  be  obtained  from  the  inferior  kinds  of  fuel ; 
and  since  only  the  gases  obtained  from  the  latter  are  brought 
into  contact  with  the  body  to  be  heated,  any  deleterious  in¬ 
gredients  it  may  contain  cannot  produce  an  injurious  effect — 
which  allows  fuel,  oi  little  or  no  value  hitherto,  to  be  used  with 
the  very  best  results.  As  the  gases  and  vapours  evolved  from 
the  fuel  are  entirely  consumed,  not  only  is  the  smoke  nuisance 
abated,  but  valuable  matters,  which  ordinarily  pass  off  uncon- 
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sumed,  to  tlie  great  annoyance  and  injury  of  tlie  neighbour¬ 
hood,  are  rendered  effective  in  tlie  production  of  heat,  and 
therefore  in  economising  fuel. 

Such  being  the  advantages  of  the  regenerative  furnace, 
we  cannot  wonder  at  its  having  already  come  into  very  gene¬ 
ral  use.  The  defects  of  the  very  best  ordinary  furnace  are  so 
great,  and  its  incapability  of  applying  to  a  useful  purpose  any 
more  than  a  small  portion  of  the  excess  of  its  temperature 
above  that  of  the  body  to  be  operated  on  is  so  irremediable, 
that  there  is  good  reason  to  believe  it  wastes  at  least  seventy- 
five  per  cent,  of  the  effect  producible  from  the  fuel :  a  fact 
which  clearly  shows  how  desirable  it  is  to  supersede  it  by  a 
better  arrangement. 

The  general  principle  on  which  the  action  of  the  regenera¬ 
tive  furnace  depends,  is  easily  understood  :  the  details,  which 
vary,  though  but  slightly,  with  circumstances,  are  compara¬ 
tively  of  but  little  interest,  and,  therefore,  need  not  be  noticed 
here.  This  furnace  consists  essentially  of  two  parts ;  the  gas- 
producer,  which  affords  the  heat,  and  the  regenerator,  which 
prevents  it  from  being  wasted.  It  is,  in  reality,  a  gas-furnace, 
and  the  fuel  is  used  almost  exclusively  for  the  production  of 
gas,  the  combustion  of  which  is  to  furnish  the  heat  required 
for  the  manufacturing  purpose.  The  arrangements  are  such 
that  the  carbonic  acid,  formed  by  combustion  in  the  furnace 
which  acts  as  a  gas-producer,  is  made  to  pass  through  incan¬ 
descent  fuel.  It  is  thus  changed  into  carbonic  oxide,  which 
passes  off  along  with  the  other  inflammable  gases  that  have 
been  evolved  from  the  fuel,  and  also  with  the  air  which  is 
heated  by  combustion  of  the  carbon  during  the  formation  of 
the  carbonic  acid,  most  of  which  with  the  ordinary  furnace 
escape  uncombined,  and,  therefore,  without  evolving  heat,  into 
the  chimney,  and  are  lost.  These  gases,  raised  to  a  high  tem¬ 
perature  by  the  burning  fuel  in  the  producer,  pass  into  the 
chamber  where  they  are  to  be  consumed.,  and  along  with  them 
hydrogen  and  carbonic  oxide,  furnished  by  decomposition  of 
some  vapour  of  water,  that  has  been  transmitted  through  the 
intensely-ignited  fuel  in  the  producer  along  with  the  air  re¬ 
quired  for  the  support  of  combustion.  The  amount  of  this 
gaseous  mixture,  and,  therefore,  the  amount  oi  the  heat  evolved, 
are  completely  under  control,  as  these  depend  on  the  quan  Jty 
of  air  admitted  into  the  furnace  of  the  producer. 

After  the  gases  have  been  burned  in  the  chamber,  and  the 
heat  set  free  by  them  has  been  applied  to  the  manufacturing  or 
other  purpose  for  which  it  is  required,  they  are  not  allowed  to 
pass  directly  into  the  atmosphere;  since  this  would  cause  a 
large  quantity  of  the  heat  which  has  been  obtained  from  the 
fuel  to  be  lost.  Under  the  combustion- chamber  are  placed 
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two  pairs  of  regenerators,  eacli  of  which,  consists  of  a  great 
number  of  small  rectangular  tubes,  formed  of  refractory  bricks  : 
and  while  the  products  of  combustion  pass  from  one  end  of  the 
combustion- chamber  through  one  pair  of  these  regenerators, 
and  are  thus  deprived  of  nearly  all  the  heat  they  contain  before 
escaping  into  the  atmosphere,  the  air  by  which  combustion  is 
effected  in  the  combustion- chamber  and  which  enters  by  its 
other  end,  is  supplied  through  the  other  pair  of  regenerators, 
that  have  been  previously  heated  to  a  very  high  temperature 
by  the  passage  through  them  from  the  combustion-chamber 
of  the  products  of  combustion.  The  heat  carried  away  from 
the  combustion-chamber  is  thus  brought  back  to  it  and  eco¬ 
nomized.  A  very  simple  valve  alters  the  connections  in  such 
a  way  that,  when  one  pair  of  regenerators  is  being  cooled  by  the 
passage  through  them,  in  succession,  of  air  from  the  atmos¬ 
phere,  the  other  pair  is  being  heated  by  the  passage  through 
them,  in  succession,  of  the  products  of  combustion :  the  pair  pre¬ 
viously  heated  being  placed  in  connection  with  the  atmosphere, 
that  the  temperature  of  the  air  intended  for  the  support  of 
combustion  may  in  traversing  them  be  heated :  and  the  pair 
previously  cooled  being  placed  in  connection  with  the  com¬ 
bustion-chamber,  that  they  may  absorb  the  heat  which  without 
them  would  pass  into  the  atmosphere  and  be  wasted.  The 
alteration  of  this  valve  is  the  only  portion  of  the  apparatus  that 
requires  attention ;  it  must  be  reversed  about  every  half  hour, 
but  it  would  not  be  impossible  to  render  even  this  movement 
automatic.  The  fuel  is  supplied  to  the  gas-producer  in  large 
quantities  at  a  time,  and  in  such  a  way  that  it  tumbles  down 
of  itself  along  an  inclined  plane,  according  as  that  in  the  lower 
part  of  the  furnace  is  consumed  :  it  is  thus  deposited  on  the 
intensely-ignited  fuel  according  as  it  is  required.  The  regene¬ 
rators  deprive  the  products  of  combustion  so  completely  of 
their  heat  that  when  passing  into  the  atmosphere,  they  are 
rarely  hot  enough  to  singe  paper. 

It  is  clear  that  the  principle  of  the  regenerator  is  not  new  : 
the  ingenuity  and  value  of  the  invention  consists  in  its  being 
the  application  of  a  principle  already  in  use  for  another  pur¬ 
pose.  It  has,  indeed,  been  applied  in  various  ways.  Bolton 
adopted  it  to  a  certain  extent  when,  in  the  beginning  of  this 
century,  he  invented  the  tubular  boiler.  The  tubes,  by  sub¬ 
dividing  the  products  of  combustion,  and  exposing  them  to  a 
large  surface  suited  to  absorb  their  heat,  greatly  economized 
heat,  by  diminishing  the  quantity  carried  off  into  the  atmo¬ 
sphere  :  and  the  very  great  value  of  the  principle  has  been 
proved  by  the  almost  general  use  of  tubular  boilers.  The  re¬ 
generator  is,  however,  still  more  exactly  represented  by  the 
well-known  apparatus  termed  a  “  respirator,”  which  performs 
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on  a  small  scale,  tlie  very  same  office  for  tlie  air  passing*  to  and 
from  tlie  lungs  as  Mr.  Siemen’s  regenerator  performs  for  that 
passing  to  and  from  the  combustion- chamber.  The  wire  gauze 
of  the  respirator  absorbs  the  heat  passing  off  with  the  gases 
which  leave  the  lungs  during  expiration,  and  gives  it  back  to 
those  entering  the  lungs  during  inspiration.  Thus,  not  only  is 
cold  air,  which  might  be  injurious  to  persons  of  a  delicate  con¬ 
stitution  prevented  from  passing  into  the  lungs,  but  the  heat 
produced  by  combustion  within  the  body  is  economized.  The 
action,  and,  indeed,  the  very  construction  of  the  regenerator 
being  so  similar  to  those  of  the  respirator,  it  is  extraordinary 
that  the  latter  was  not  invented  long  ago. 

There  is  one  drawback  to  a  general  use  of  the  regenerative 
furnace — the  complicated  form  of  the  regenerators,  and  a 
comparatively  expensive  forms  and  material  employed  in  its 
construction.  Moreover,  it  cannot  well  be  used,  except  on  a 
large  scale.  One,  at  least,  of  the  advantages  possessed  by  the 
regenerative  furnace  may,  however,  be  obtained  by  other  and 
simpler  means — the  removal  of  the  smoke  nuisance,  which  in¬ 
volves  the  economization  of  fuel,  and  the  prevention  of  mischief 
to  health,  as  well  as  the  production  of  that  dingy  hue,  which 
casts  a  gloom  over  all  our  great  centres  of  manufacture. 
Legislation,  both  here  and  in  other  countries,  has  not  been 
wanting  in  efforts  to  put  an  end  to  the  evils  caused  by  pouring 
enormous  quantities  of  dense  smoke  into  the  atmosphere,  but 
its  success  has  been  only  partial.  Manufacturers  are  liable  to 
a  penalty  of  five  pounds  a  day,  if  they  do  not  consume  their 
smoke  ;  yet,  such  are  their  profits,  and  such,  in  some  instances, 
the  supposed  necessities  of  trade,  that  they  not  unfrequently 
prefer  paying  this  penalty  to  being,  as  they  believe,  impeded 
in  carrying  on  their  business.  Nevertheless,  it  may  be  safely 
affirmed  that  there  is  no  branch  of  manufacture  that,  for  its 
existence,  or  even  its  prosperity,  requires  the  production  of 
nnconsumed  smoke.  Nor  is  there  any  that  would  not  be 
carried  on  more  economically,  were  the  smoke  —  which  for 
the  most  part  consists  in  very  valuable  constituents  of  the 
fuel — consumed  in  the  furnaces.  There  is  nothing  to  prevent 
this,  except  the  ignorance  or  apathy  of  manufacturers  them¬ 
selves.  To  no  subject  has  science  devoted  more  attention 
than  that  of  the  consumption  of  smoke ;  and  in  none  has  it 
been  more  successful,  since,  in  revealing  the  laws  of  combus¬ 
tion,  it  has  suggested  the  means  by  which  the  consumption  of 
smoke  may  be  easily  effected — at  least  in  the  furnace  of  the 
manufacturer,  where  the  production  of  heat  is  the  only  object 
sought  Jo  be  attained. 

The  unburned  carbon,  which  causes  the  dark  colour  of 
smoke,  is  both  the  most  mischievous  and  most  wasteful  of  its 
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constituents.  To  get  rid  of  this  is  the  special  object  of  all 
attempts  at  smoke-prevention,  and  it  involves  no  difficulty 
which  science  is  unable  to  overcome.  One  of  the  most  re¬ 
markable  contrivances  which  have  been  suggested  for  the 
purpose,  consists  in  burning  the  fuel  from  the  upper  surface 
downwards,  so  as  to  bring  the  inflammable  gases,  properly 
admixed  with  air,  in  contact  with  fuel  at  a  high  temperature — 
a  principle  which,  in  various  ways,  and  for  a  long  period,  has 
been  used  for  the  purpose ;  though,  from  the  imperfect 
methods  employed  for  carrying  it  out,  not  with  all  the  success 
that  might  have  been  expected.  The  method  which  has  been 
found  to  answer  best  consists  in  admitting  air  and  coal,  in 
small  quantities  at  a  time,  through  the  top  of  the  furnace,  the 
direction  of  the  draught  being  downwards  through  the  burn¬ 
ing  combustibles.  With  another,  and  very  effective  arrange¬ 
ment,  a  steam  coil  is  placed  behind  the  fire  bridge.  When 
the  steam  it  contains  is  superheated,  it  is  thrown  on  the  burn¬ 
ing  fuel,  and,  mixing  with  the  products  of  combustion,  it 
keeps  them  at  a  proper  temperature,  until  there  is  time,  and  a 
sufficient  supply  of  air  to  effect  their  complete  combustion. 

But  even  less  complicated  means  than  these,  suggested  by 
science,  have  been  found,  when  carefully  used,  sufficient  to 
prevent  the  escape  of  smoke  from  the  chimney.  It  is  merely 
necessary  to  supply  the  fuel  in  small  quantities  at  a  time,  and 
to  place  it  at  first  outside  that  which  is  already  in  a  state  of 
intense  ignition.  The  gases  which  are  thus  evolved,  and  have 
been  properly  mixed  with  air,  pass  over  the  burning  fuel,  and 
are  consumed.  So  effective  is  this  simple,  but  scientific  mode 
of  proceeding*,  that  the  French  Government  considers  it 
sufficient  to  effect  all  that  the  law  can  reasonably  require  with 
regard  to  the  consumption  of  smoke. 

There  is  one  kind  of  smoke  produced  in  vast  quantities, 
which  is  far  more  mischievous  than  any  other— that  evolved 
by  copper-smelting  works— and  yet  its  prevention  has  hitherto 
scarcely  been  hoped  for,  even  by  the  most  sanguine.  It  is 
highly  injurious  to  health,  and  so  destructive  to  vegetation,  that 
it  is  impossible  for  plants  of  any  kind  to  exist  within  its  influ¬ 
ence;  so  that  large  sums  are  often  paid  by  the  owners  of 
metallurgical  establishments,  as  compensation  for  the  damage 
which  they  cause.  As  in  every  other  case  in  which  smoke  is 
permitted  to  escape  into  the  atmosphere,  but  to  a  still  greater 
extent,  it  supposes  the  loss  of  a  valuable  material. 

Science  has,  however,  at  last  suggested  a  way  to  prevent 
all  the  waste  and  mischief  caused  by  this  poisonous  smoke. 
A  chemist  at  Friberg  has  recently  invented  a  roasting 
furnace,  which  not  only  prevents  the  passage  of  any  dele¬ 
terious  substance  into  the  atmosphere,  but  changes  what  has 
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hitherto  been  a  source  of  annoyance  and  danger  into  the 
means  of  producing  a  considerable  income.  In  the  ordinary 
processes,  the  copper  pyrites,  after  having  been  stamped,  is 
formed  with  clay  or  loam  into  balls,  which  are  dried,  and  then, 
roasted  in  kilns ;  or  the  pyrites,  having  been  pounded,  is  spread 
on  beds  of  fire-clay,  where  it  is  exposed  to  a  high  temperature, 
being  kept  constantly  stirred,  for  the  purpose  of  exposing 
fresh  surfaces  to  the  air.  The  sulphurous  vapours  thus  evolved 
pass  directly  into  the  atmosphere.  In  the  improved  method, 
a  furnace  which  consists  of  a  vertical  chamber  of  fire-brick, 
and  contains  a  number  of  horizontal  bearers  of  the  same 
material,  regularly  distributed  through  it  is  used.  These 
bearers  uniformly  intercept  the  crushed  ore  as  it  is  discharged 
from  feeding-boxes  at  the  top  of  the  furnace  ;  and  when  the 
flat  surface  of  the  upper  bearer  contains  as  much  as  it  will 
hold,  the  surplus  fall  on  the  next  lower,  and.  from  that  to  the 
one  still  lower,  and  so  on,  until  it  reaches  the  bottom,  by  which 
time  it  is  considered  to  have  parted  with  all  its  sulphur. 

The  gases  evolved  are  transmitted  to  a  large  chamber, 
heating  in  their  passage  the  pipes  which  supply  air  to  the 
grate,  and  there  deposit  the  dust  from  the  roasted  ore  and  the 
arsenious  acid.  They  are  then  conveyed  to  the  sulphuric  acid 
chambers,  where  the  sulphurous  acid  which  they  contain, 
and  which  has  been  produced  by  combustion  of  the  sulphur 
contained  in  the  copper  pyrites,  is  condensed,  sulphuric  acid 
being  formed  from  them  in  the  usual  way. 

It  has  been  calculated  that  from  the  copper  smoke  which 
hitherto  has  not  only  been  wasted,  but  has  been  productive  of 
so  much  mischief,  1 000  tons  of  sulphuric  acid  may  be  made 
per  week ;  and  £4000  is  said  to  have  been  paid  to  the  inventor 
for  the  use  of  his  patent  right. 

The  next  example  to  which  I  shall  direct  attention  is  one  of 
the  greatest  triumphs  ever  achieved  by  science — the  produc¬ 
tion  of  the  most  beautiful  and  valuable  substances  from  coal- 
tar,  one  of  the  most  worthless  and  least  attractive  matters 
with  which  we  are  familiar.  Long  as  coal-tar  has  been  known 
it  was  not  until  recently  even  suspected  to  be  the  source 
whence  might  be  derived  a  number  of  chemical  compounds, 
rivalling  the  rainbow  in  the  brilliancy  of  their  tints,  and  capa¬ 
ble  of  affording  dye-stuffs  fitted  to  supersede  those  previously 
obtained  from  the  most  distant  regions,  and  costing  immense 
sums. 

When  coal-tar  is  distilled  at  a  temperature  gradually 
increasing  in  elevation,  it  affords,  besides  hydrogen,  water,  and 
ammonia,  a  number  of  neutral  and  basic  substances,  among 
which  aniline  ranks  the  highest  in  importance.  So  early  as 
1826,  Unverdorben  obtained  from  indigo  a  compound  which. 
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from  properties  he  found  it  to  possess,  he  termed  crystalline. 
Some  years  after  Runge  observed  in  the  products  obtained 
from  coal-tar  a  material  capable  of  affording,  under  the  influ¬ 
ence  of  chloride  of  lime,  a  beautiful  violet,  which  he  called 
kyanol.  At  a  subsequent  period,  Fritzsche,  when  studying 
the  properties  of  crystalline,  came  to  the  conclusion  that 
aniline  would  be  a  more  suitable  designation  for  it ;  and  about 
the  same  time  Zinin  produced  a  similar  compound  from  coal- 
tar,  and  gave  it  the  name  of  benzidan.  Still  further  investi¬ 
gation  showed  that  crystalline  or  aniline,  kyanol,  and  benzidan, 
were  all  identical,  though  derived  from  so  very  different  sources ; 
and  it  was  found  that  this  substance  could  be  most  conveniently 
procured  from  coal-tar;  not,  indeed,  directly,  but  indirectly,  by 
conversion  of  benzol,  which  is  found  in  the  tar  in  very  large 
quantities. 

Benzol  is  a  striking  illustration  of  the  way  in  which  the 
valuable  properties  of  a  substance  may  long  remain  dormant. 
It  was  discovered  by  Faraday  in  1825 ;  but  it  remained  for 
years  a  mere  scientific  curiosity,  though  it  may  be  obtained 
with  ease,  and  to  any  amount,  from  the  naphtha  of  coal-tar,  by 
fractional  distillation,  its  boiling  point  being  80°  cent.  It  is 
readily  converted  into  aniline,  by  submitting  it  to  the  action  of 
fuming  nitric  acid :  which  transforms  it  into  nitrobenzol,  or 
nitrobenzine,  the  well  known  artificial  essence  of  bitter  almonds, 
discovered  by  Mitscherlich ;  and  then  changing  the  nitroben¬ 
zine  into  aniline,  by  means  of  reducing  agents,  such  as  sul¬ 
phuretted  hydrogen,  or,  which  is  usually  employed  in  practice, 
acetic  acid  and  metallic  iron. 

Aniline,  though  colourless,  is  the  source  of  beautiful 
colours,  the  number  of  which  is  already  very  considerable,  and 
is  being  continually  increased.  It  was  first  observed  in  1835, 
that  a  solution  of  chloride  of  lime  imparts  to  it  a  blue  colour ; 
and  in  1853  it  was  discovered  that  aniline  violet,  a  blue-black 
precipitate,  is  thrown  down  from  a  cold  dilute  solution  of 
aniline  in  sulphuric  acid  by  a  cold  dilute  solution  of  bichromate 
of  potash.  Aniline  violet,  which  has  received  different  names, 
may  now  be  prepared  in  various  ways. 

In  1859,  Miff.  Verquin  and  Renard  practically  discovered 
aniline  red,  or  rosaniline.  It  is  obtained  without  difficulty,  by 
boiling  for  about  a  quarter  of  an  hour  a  mixture  containing  ten 
per  cent,  aniline  and  about  seven  per  cent,  chloride  of  tin ; 
the  result  being  a  liquid  which  is  of  so  intense  a  colour  as  to 
appear  almost  black,  but  which  is  fitted  at  once,  by  mere  dilu¬ 
tion,  for  the  use  of  the  dyer.  Rosaniline  forms  a  number  of 
very  beautiful  salts. 

Aniline  yellow,  or  crysaniline,  another  important  deriva¬ 
tive  of  aniline,  is  obtained  from  the  residue  which  is  left 
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after  rosaniline  lias  been  extracted,  by  means  of  a  current 
of  vapour  which  causes  the  solution  of  a  certain  amount 
of  crysaniline,  that  may  be  precipitated  by  nitric  acid  or  a 
nitrate. 

Aniline  green,  or  emeraldine,  is  one  of  the  most  beautiful 
of  the  aniline  colours.  Several  substances  produce  a  blue  tint 
in  aniline,  on  account  of  the  production  of  aniline  blue.  The 
latter  is  changed  into  emeraldine  by  acids. 

It  is  not  necessary  here  to  describe  the  modes  of  obtaining 
the  many  other  colours  obtained  from  aniline.  Not  only  may 
the  ordinary  and  well-known  tints  be  obtained  from  it,  but 
new'  and  exquisite  shades  which  were  hitherto  unknown.  The 
intensely  deep  colour  of  some  of  its  derivatives  is  almost 
beyond  belief.  The  sea  has  been  dyed  for  a  great  distance,  in 
all  directions,  so  as  to  resemble  blood,  by  the  accidental 
spilling  of  some  vessels  containing  one  of  them.  The  dye¬ 
stuffs  afforded  by  it  are  not  less  remarkable  for  their  delicacy 
and  beauty  than  their  intensity ;  and  if  some  of  them  are  de¬ 
ficient  in  permanency,  it  is  an  imperfection  which,  from  what 
has  been  already  done,  we  may  reasonably  hope  will,  at  no 
distant  period,  be  altogether  removed.  Every  day  adds  some¬ 
thing  to  our  knowledge  of  the  solvents  which  are  suited  to 
them,  and  the  proper  modes  of  applying  them,  and  more 
widely  extends  the  sphere  of  their  utility.  Perkin  was  the 
first  who  applied  the  aniline  colours  to  dying ;  and  the  dis¬ 
covery  of  their  suitableness  for  this  purpose  has,  in  a  com¬ 
mercial  point  of  view,  been  productive  of  enormous  profit. 
Until  recently,  their  use  has  been  confined  to  dying ;  but  it  is 
now  possible  to  employ  them  in  oil  painting*,  to  the  other  ex¬ 
cellent  qualities  of  which  they  impart  their  own  extraordinary 
beauty  and  brilliancy ;  and  thus  they  wonderfully  augment 
the  resources  of  one  of  the  noblest  arts. 

The  aniline  dyes  afford  another  illustration  of  the  gradual 
development  which  takes  place  in  so  many,  if  not  all,  of  the 
great  and  practical  additions  which  are  made  to  our  knowledge. 
Many  years  elapsed  between  the  first  step  in  the  path  ‘which 
led  to  such  extraordinary  results  and  the  full  attainment  of 
them.  Upwards  of  thirty  years  ago,  Punge  made  known  to 
the  world  the  very  curious  coloured  reactions  of  aniline,  a  pro¬ 
perty  which  it  might  well  be  expected  would  have  awakened 
the  most  lively  curiosity,  and  led  to  extensive,  persevering, 
and  successful  researches.  Such,  however,  was  not  the  case ; 
his  experiments  were  not  repeated  for  twenty  years  !  not,  in¬ 
deed,  until  M.  Gerbert  Keller,  in  obtaining  aniline  red,,  by 
means  of  oxysalts  and  oxacids,  opened  a  new  and  irresistibly 
tempting  field  to  discoverers,  was  the  public  interest  tho¬ 
roughly  excited,  and  the  zeal  of  men  of  science  enlisted  in  the 
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prosecution  of  inquiries  which,  promised  so  much,  and  very 
soon  realized  all  they  promised. 

The  history  of  science  abounds  with  similar  examples.  The 
cooling  of  the  smelting-furnace  by  the  air  introduced  for  the 
support  of  combustion  was  manifestly  a  mistake ;  yet  who,  for 
centuries,  ever  thought  of  adopting  the  hot  air  blast,  an  im¬ 
provement  which  might  almost  be  said  to  force  itself  on  the 
attention  of  the  iron-master.  It  might  be  supposed,  indeed, 
that,  if  hot  air  were  used,  less  fuel  might  be  consumed  in  the 
actual  process  of  smelting,  but  that  the  difference  would  be 
made  up  by  what  would  be  required  for  raising  the  tempera¬ 
ture  of  the  blast.  Such  was  the  objection  made  to  the  hot 
blast  when  it  was  first  introduced,  and  it  is  still  made  by  a  few ; 
for  philosophical  or  manufacturing  prejudices,  like  others,  are 
not  easily  laid  aside.  But  the  advantage  of  the  hot  blast  was 
not  to  be  looked  for  merely  in  a  saving  of  fuel — though  even 
this  is  effected  by  it.  Not  only  is  the  cost  of  production 
diminished,  but  the  quantity  producible  in  a  given  time  is  in¬ 
creased,  and  the  quality  of  the  product  is  so  much  improved, 
that  a  good  iron  may  be  made  from  bad  and  hitherto  almost 
worthless  ores,  and  iron  of  superior  excellence  from  those 
which  formerly  afforded  what  Was  only  tolerable.  No  improve¬ 
ment  ever  contributed  so  greatly  to  the  advancement  of  the 
iron  trade. 

The  same  valuable  principle  may  be  applicable  to  more 
than  one  branch  of  manufacture.  The  use  of  heated  air,  which 
was  found  so  advantageous  in  the  manufacture  of  iron,  has, 
more  recently  still,  been  found  equally  profitable  in  the  manu¬ 
facture  of  sugar:  and  one  of  the  most  efficacious  means  of 
avoiding  loss  by  the  formation  of  uncrystallizable  sugar  during 
the  evaporation  of  the  cane-juice,  consists  in  the  removal  of 
the  moisture  by  means  of  air  at  a  high  temperature. 
It  is  remarkable  that,  however  great  the  heat  used  in 
this  way,  the  sugar  is  not  injured ;  yet,  when  the  ordinary  pro¬ 
cesses  are  employed,  the  temperature  must  be  kept  as  low  as 
possible — which  rendered  the  evaporation  of  the  juice  in  vacuo 
necessary :  an  improvement  for  which,  also,  the  sugar-manu¬ 
facturer  was  indebted  to  science.  There  is  no  contradiction 
between  the  effect  of  the  heat  in  the  one  case  and  the  other. 
When  heated  air  is  employed,  the  heat  is  carried  away  by  the 
evaporated  water  before  it  can  produce  a  mischievous  effect. 

A  retrospect,  however  imperfect  from  its  indispensable 
brevity,  of  the  benefits  conferred  by  science  on  arts  and  manu¬ 
factures,  cannot  be  otherwise  than  interesting  and  advan¬ 
tageous.  The  resources  of  science  being  inexhaustible,  a  sur¬ 
vey  of  what  has  been  already  done  must  necessarily  incite  to 
new  efforts  in  the  future.  The  application  of  scientific  dis- 
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coveries,  even  of  a  recent  date,  to  arts  and  manufactures,  is  a 
subject  well  nigh  inexhaustible.  But  we  trust  that  even  the 
little  which  we  have  been  able  to  say,  from  the  smallness  of 
the  space  which  could  reasonably  be  devoted  to  it,  will  suffice 
to  show  how  greatly  manufacturing  industry  is  indebted  to  the 
quiet  and  unobtrusive  labours  of  the  man  of  science  in  his 
laboratory  or  his  study. 
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WITH  REMARKS  BY  DR.  MADDOX. 

We  have  received  the  following  interesting  letter  from  Dr. 
Maddox,  of  Southampton,  so  well  known  to  microscopists  for 
his  skill  in  photo-micrography  : — 

“  Having,  through  the  kindness  and  liberality  of  Dr. 
Woodward,  Brevet-Major  and  Assistant- Surgeon,  U.S.  Army, 
War  Department,  received  this  week  four  most  beautifully 
executed  photo-micrographs  of  a  portion  of  valve  of  Pleuro- 
sigma  angulatum ,  taken  by  a  one-fiftieth  Powell  and  Lealand, 
and  a  one-eighth  American  objective,  brought  up  to  equal 
power  by  an  achromatic  concave  amplifier  in  the  place  of 
the  eyepiece,  I  have  made,  and  now  send,  careful  tracings 
from  parts  of  the  same. 

“  Eig.  1  is  an  outline  of  the  print  from  the  negative  by  the 
one-fiftieth,  and  represents  the  hexagonal  markings  magnified 
2844  diameters,  and  a  further  amplification  from  the  same 
negative  to  19,050  diameters. 

“  Fig.  2  gives  a  portion  from  the  print  obtained  from  the 
negative  furnished  by  the  one-eighth  and  achromatic  amplifier 
(Wales),  magnification  2540  and  19,050  diameters. 

“  The  extraordinary  beauty  displayed  by  the  photographs 
cannot  be  in  any  way  represented  in  the  tracings.  I  have, 
therefore,  solicited  Mr.  How,  of  2,  Foster  Lane,  to  whom  the 
prints  will  be  sent,  to  kindly  permit  their  inspection  by  those 
interested  in  this  most  marked  advance  over  anything  I  have 
seen  in  this  country ;  thus  fully  illustrating  the  value  of  the 
views  I  have  for  several  years  advocated  of  this  branch  of 
microscopy.  When  we  see  the  authorities  in  the  Army  Medical 
Department  of  the  United  States  giving  their  attention  to  this 
subject,  and  so  perfectly  justifying  the  same  by  such  magnifi¬ 
cent  results  as  have  been  obtained  at  the  laboratory  of  the 


420  Photo-Micrographs  by  Brevet-Captain  Edward  Curtis. 


Army  Medical  Museum  by  Dr.  Edward  Curtis,  I  feel  tlie 
necessity  of  further  soliciting  attention  to  its  utility  and  future 
promise.  Of  the  two  prints,  respectively  from  negatives  by 
the  one-fiftieth  and  one- eighth,  no  doubt  preference,  if  sharp¬ 
ness  and  delicacy  of  outline  be  selected,  would  be  given  to  the 
former;  but  there  is  such  wonderful  softness  and  flatness  of 
field  in  the  latter,  that  it  may  safely  compete  with  the  one- 
fiftieth.  In  the  centre  of  nearly  all  the  hexagonal  markings  a 
minute  and  faintly  traced  punctuation  may  be  observed ;  and  in 
the  enlargement  from  this  negative  the  markings  are,  perhaps, 
of  better  figure  and  equal  beauty  with  that  from  the  one- 
fiftieth  objective. 

{<  Of  the  method  or  modus  operandi ,  Dr.  Woodward  in  his 
letter  does  not  speak,  but  the  prints  point  to  the  plan  as 
being  perfect.  I  am  not  aware  whether  the  valve  of  the 
diatom  was  covered  or  uncovered,  balsam  mounted  or  dry ; 
these  are  points  I  hope  to  ascertain  from  him  ere  long.  Dis¬ 
putants  may  now  take  up  their  cudgels  as  to  the  number 
of  lines  or  dots,  or  transparent  areas,  by  counting  them  clearly 
and  without  fatigue.  On  the  one  row  selected  are  27  clearly 
defined  spaces.  The  interstices  of  the  enlargement  19,050 
are  quite  black,  but  without  harsh  edges  to  the  central  area. 
It  is  curious  to  see  how  the  inner  hexagonal  boundaries  have 
passed  into  nearly  perfect  circles  unless  due  to  the  part  chosen 
for  enlargement.  A  slight  sun-spot  marks  each  negative,  but 
not  offensively ;  or  if  it  be  not  a  delicate  sun-spot,  it  may 
be  indicative  of  the  part  adherent  to  the  glass  slide.  The 
field  covered  is  eight  inches.  Trusting  you  may  justify  the 
above  by  your  own  remarks.” 


Popular  Astronomy . 


421 


POPULAR  ASTRONOMY  * 

Although  France  has  enjoyed,  in  many  departments,,  a  superiority 
over  England^  so  far  as  regards  the  price  and  quality  of  text¬ 
books  for  professed  students,  she  has  been,  and  still  is,  far 
behind  us  in  the  production  of  popular  scientific  works 
addressed  to  a  large  body  of  intelligent  readers.  The  fact  is, 
that  from  political  and  social  causes  the  middle  class  in  France 
is  less  educated  than  that  of  England ;  and  while  no  country 
can  surpass  her  in  the  numbers  of  great  men  she  has  produced 
in  nearly  every  branch  of  inquiry,  she  has  not  grown,  like 
England,  a  very  numerous  crop  of  scientific  amateurs.  If  we 
refer,  for  example,  to  the  list  of  private  observatories  given  in 
Annuaire  du  Cosmos,  France  does  not  claim  one,  while  Eng¬ 
land  has  more  than  twenty  that  are  known  and  acknowledged, 
besides  swarms  of  minor  value.  A  comparison  of  one  of  the 
best  French  books  on  the  microscope,  that  of  Chevallier,  with 
Dr.  Carpenter's  compendious  treatise,  or  with  the  Micrographic 
Dictionary ,  indicates  a  similar  superiority  in  the  popularity 
which  microscopic  pursuits  enjoy  in  this  country,  and  it  is 
curious  to  find  such  observers  as  Quatrefages  lamenting  the 
want  of  powers  which  English  makers  have  produced  for  the 
last  twelve  or  twenty  years.  The  appearance  of  M.  Guillemin's 
splendid  work  is  an  indication  that  our  neighbours  intend  to  have 
their  phalanx  of  able  astronomic  amateurs  ;  and  the  fact  that  the 
book  has  rapidly  passed  through  two  editions,  and  that  the 
third  is  now  on  sale,  proves  that  the  taste  of  the  French 
people  for  science  is  increasing,  and  that  their  ideas  of  popular 
education  are  becoming  enlarged. 

It  is  in  no  spirit  of  depreciation  of  literary  culture  that  we 
urge  the  paramount  importance  of  scientific  instruction.  It  is 
by  far  the  best,  if  not  the  only,  means  of  giving  to  a  nation  a 
character  for  accuracy  and  breadth  of  thought,  and  it  is  the  most 
effective  prophylactic  against  that  flabbiness  of  intellect  and 
morals  that  results  from  the  poisonous  doses  of  fiction  which 
the  numerous  class  of  romance  dram-drinkers  are  apt  to  imbibe. 
High  class  fiction,  studied  and  understood,  is,  no  doubt,  an  im¬ 
portant  element  in  mental  training,  but  the  comprehension  of 
physical  science  methods,  and  the  habit  ol:  applying  them, 
as  far  as  they  will  legitimately  go,  are,  under  all  circumstances, 

Le  del:  Notions  d’Astronomie  a  1’ usage  des  G-ens  du  Monde  et  de  la 
Jeunesse.  Par  Amadee  Guillerain.  Ouvrage  illustre  de  40  G-randes  Planches 
dont  12  tirees  en  couleur,  et  192  vignettes  inserees  dans  le  texte.  Troisieme 
Edition.  Paris  ;  Hachette  and  Cie.  1868. 

The  Heavens :  an  Illustrated  Handbook  of  Popular  Astronomy.  By 
Amadee  Guillemin.  Edited  by  J.  Norman  Lockyer,  F.R.A.S.  London: 
Bentley. 
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of  great  value  to  individual  progress,  and  the  essential  con¬ 
ditions  of  social  development. 

Excitement  the  mind  will  have,  so  long  as  it  is  active ;  and 
where  there  is  not  a  fair  foundation  of  accurate  knowledge,  and 
a  capacity  for  appreciating  the  appeal  which  natural  objects  make 
to  the  faculties  of  wonder  and  imagination,  the  gratification  of 
those  faculties  will  be  sought  in  some  objectionable  way.  It  is 
a  great  thing  to  be  able  to  be  appealed  to  by  the  sublime 
truths  of  the  universe ;  and  though  every  science  is  capable  of 
leading  its  votaries  into  the  regions  of  general  ideas,  and 
widely- operating  laws,  astronomy  has  always  been  felt  to  have 
a  peculiar  fascination,  and  to  be  capable,  when  well  popularized, 
oi  gaining  ardent  disciples  among  all  ranks  of  men. 

ISTo  better  book  exists  in  any  language  than  Sir  J.  Herscheks 
Outlines  of  Astronomy ,  and  we  have  many  works  of  various 
degrees  of  merit  and  demerit,  which,  avoiding  profounder  con¬ 
siderations,  deal  in  a  graphic  style  with  the  marvels  of  the 
sky.  iNo  popular  treatise,  however,  appear  to  us,  on  the  whole, 
equal  to  the  imposing  volume  produced  by  M.  Guillemin,  in 
which  a  much  larger  amount  of  real  science  is  introduced  than 
is  common  in  works  designed  for  wide  circulation,  while  a 
method  of  arrangement,  which  is  in  the  main  logical,  a  lucid 
style,  and  an  abundance  of  pictorial  illustration,  renders  the 
study  of  its  pages  easy,  and  invests  them  with  a  charm. 

M.  Guillemin  commences  his  treatise  with  an  account  of 
the  sun,  and  he  recites  a  good  story  told  by  Arago  of  a  pro¬ 
fessor  who  wished  to  give  his  pupils  an  idea  of  the  dimensions 
of  the  great  luminary  as  compared  with  the  earth,  and  who 
showed  them  a  heap  containing  fourteen  decalitres  of  wheat, 
or  nearly  four  bushels,*  and  explained  that  if  one  grain  repre¬ 
sented  the  earth,  the  whole  mass,  containing  1,400,000  of  such 
grains,  would  represent  the  sun.  To  make  the  distance  of  the 
sun  from  the  earth  intelligible,  M.  Guillemin  states  that  a 
railway  train  leaving  the  earth,  and  going  at  the  rate  of  thirty 
miles  an  hour,  would  require  rather  more  than  347  years  to 
reach  it ;  so  that  if  such  a  train  had  started  on  January  1, 
1866,  it  would  be  a.d.  2213  before  it  arrived  at  its  destination. 
Both  M.  Guillemin  and  his  translator  adopt  the  old  estimation 
of  solar  distance  and  of  the  velocity  of  light,  but  in  this  sort 
of  calculation  such  trifles  as  a  few  thousands  of  miles  make  no 
difference,  and  those  who  are  fond  of  arithmetic  may  substitute 
186,000  miles  per  second,  as  the  probable  velocity  of  light, 
for  the  old  calculation  of  192,000,  and  make  a  corresponding 
diminution  in  the  distance  which  separates  the  sun  from  our¬ 
selves. 

#  14  Decalitres  =  3  bushels  6  813  gallons.— Darling's  Metre  Tables. 
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M.  Guillemin  explains  tlie  principal  theories  which  have 
been  put  forward  to  account  for  the  peculiar  appearances  pre¬ 
sented  by  sun  spots,  and  Mr.  Lockyer  has  added  to  the  trans¬ 
lation  a  valuable  note  on  the  same  subject,  taking*  notice  of  the 
latest  views.  We  have  laid  before  our  readers,  both  in  articles  and 
in  f‘  Notes  and  Memoranda,”  the  principal  recent  opinions  and 
discoveries  on  this  matter,*  and  we  shall  only  now  remark  that 
all  the  evidence  concurs  in  representing  the  sun  as  the  scene  of 
cyclonic  or  whirlpool  storms  of  tremendous  magnitude,  and 
probably  also  of  volcanic  eruptions  on  an  equally  gigantic 
scale.  Such  incidents  must  give  rise  to  ascending  hot  currents 
and  to  the  descent  of  the  colder  atmosphere  which  Be  la  Rue 
and  other  observers  have  shown  to  exist;  and  thus  may  be 
produced  condensations  and  changes  in  luminosity  capable  of 
accounting  for  the  appearances  we  behold. 

M.  Guillemin  gives  a  sketch  of  enormous  sun  spots  seen  by 
Captain  Davis,  and  he  remarks  that  the  biggest  did  not  occupy 
less  than  300,000  kilometres,  or  186,000  miles,  while  its  sur¬ 
face  was  equal  to  25,000,000  square  miles.  Well  may  he 
exclaim  that  if  such  spots”  are  fissures  in  the  photosphere, 
our  earth  compared  with  them  would  only  be  like  a  rock  in  the 
crater  of  a  volcano  ! 

The  real  rate  of  the  sum’s  rotation  about  its  own  axis  is  still 
unsettled.  If  the  spots  were  fixed  it  would  be  easily  arrived 
at,  but,  as  Mr.  Carrington  has  shown,  they  move  across  the  sun 
with  varying  velocity,  and  thus  some  uncertainty  attaches  to 
the  estimation  of  the  length  of  the  solar  day  (if  such  a  term  is 
admissible),  which  may  be  about  twenty-six  of  our  days  in 
length.  This  would  show  an  enormous  velocity  at  the  solar 
equator.  M.  Guillemin  states  that  at  a  point  on  the  equator 
the  velocity  of  rotation  is  2035  metres,  or  about  1 J  miles  per 
second,  44  times  the  velocity  of  rotation  at  the  terrestrial 
equator.  With  such  a  velocity  of  rotation,  and  with  the  mobile 
character  of  the  solar  envelope,  if  not  of  the  great  globe  itself, 
it  is  surprising  that  no  equatorial  bulge  is  noticeable. 

The  light  of  the  sun  does  not  reach  us  equally  from  all  parts 
of  his  surface.  The  luminous  and  chemical  rays  diminish  from 
the  centre  to  the  margin  as  they  pass  through  a  greater  or 
less  extent  of  solar  atmosphere  in  their  journey  towards  us. 
The  total  amount  of  light  given  out  by  the  sun  could  only  be 
expressed  in  figures  unintelligible  from  their  magnitude.  W  e 
can  only  receive  an  infinitesimal  portion  of  the  whole*;  and  so  of 
the  heat.  In  illustration  of  the  heat  of  the  sun,  M.  Guillemin 
alludes  to  a  passage  from  Sir  J.  Herschel,  which  we  prefer 

*  See  Solar  Physics.  Researches  by  Re  la  Rue,  Ralfour  Stewart,  and 
Roewy,  vol.  viii.  p.  450.  Secclu  and  Fage  on  do.,  Yol.  vii.  p.  2/0 ;  and  Chacornac, 
vol.  vii.  p.  272. 
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giving  in  the  original  words.  Sir  John  says — f<r  Supposing  a 
cylinder  of  ice  forty-five  miles  in  diameter  to  be  continually 
darted  into  the  sun  with  the  velocity  of  light,  and  that  the 
water  produced  by  its  fusion  were  continually  carried  off,  the 
heat  now  constantly  given  off  by  radiation  would  then  be 
wholly  expended  in  its  liquefaction  on  the  one  hand.,  so  as  to 
leave  no  radiant  surplus ;  while  on  the  other  the  actual  tem¬ 
perature  at  its  surface  would  undergo  no  diminution/'’* 

We  have  no  cognisance  from  terrestrial  experiments  of  the 
kind  of  chemical  action  that  would  take  place  at  the  enormous 
temperature  of  the  sun.  Probably  all  the  compounds  we  are 
acquainted  with  would  be  dissociated,  and  many  of  our  so- 
called  tc  simple  bodies^  decomposed.  Nevertheless,  the  spec¬ 
troscope  tells  of  sodium,  iron,  nickel,  copper,  zinc,  and  barium, 
but  not  of  “  gold,  silver,  mercury,  lead,  tin,  silicon  (so  abundant 
on  the  earth),  arsenic,  strontion  cadmium,  or  lithium/'5 

In  what  way  solar  light  and  heat  are  produced,  remains  a 
mystery ;  most  physicists  have  abandoned  the  idea  that  they 
are  kept  up  by  a  bombardment  of  meteorites,  and  though  Mr. 
Balfour  Stewart  has  shown  good  reason  for  believing  that  tho 
approach  of  large  planets  stirs  up  solar  activities,!  we  must 
look  to  local  conditions  to  explain  why,  and  how,  the  enormous 
movements,  of  which  the  light  and  heat  are  manifestations, 
take  place.  Our  sun  appears  to  belong  to  a  great  group  (genus 
or  family)  of  which  the  so-called  “  fixed  39  stars  are  members, 
and.  when  we  see  many  of  them  waxing  and  waning  in  regular 
periods,  and  when  we  behold  some  of  them,  like  the  late  “  new 
stai,  blazing  forth  with  prodigious  and  quickly  terminating 
splendour,  we  cannot  help  admitting  the  probability  that  our 
sun  may  be  a  variable,  however  long  the  intervals  that  may 
elapse  before  any  noticeable  change  occurs.  A  great  hot  globe,, 
the.  seat  of  gigantic  storms,  and  it  may  be  of  conflagrations,  in 
which  prodigious  masses  of  matter  change  their  conditions  in 
brief  periods  of  time,  is  scarcely  likely  to  be  the  source  of  an 
equable  and  permanent  force.  In  some  long  ages  anterior  to 
man  it  may  have  scorched  the  planets  that  it  now  genially 
warms,  and  at  others  it  may  have  left  them  to  freeze  in  the- 
cold  ether,  or  atmosphere,  of  space,  J  and  without  reckoning 
on  the  time  when  its  shining  may  cease,  and  its  matter  be 
rearranged  in  new  forms,  we  may  speculate  on  sufficient 
changes  in  some  imaginable  number  of  centuries  to  affect  in  a 
material  manner  the  climate  of  our  globe. 

*  Outlines  of  Astronomy ,  p.  258,  seventh  edit. 

f  See  Balfour  Stewart  “  On  the  Origin  of  the  Light  of  the  Sun  and  Stars  ”  in 
our  vol.  v.,  p.  448.  1 

.  +  Labinet  thinks  the  glacial  epoch  may  have  resulted  from  a  sudden 
diminution  of  solar  heat. 
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It  is  not  only  small  stars  tliat  are  variable,  nor  only  what 
are  called  “  temporary  stars  ”  that  have  made  quick  transition 
from  great  splendour  to  feeble  luminosity.  Thus  a  star  in 
Argo  (tj)  which  stood,  next  to  Sirius  in  brightness,  has  ex¬ 
perienced  what  M.  Guillemin  terms  “  astounding  transforma¬ 
tions.”  “  Towards  the  end  of  the  seventeenth  century  Eta  in 
Argo  was  only  a  fourth  magnitude  star,  but  in  less  than  a 
century  afterwards  it  had  reached  the  second  magnitude. 
Sixty  years  still  later,  it  had  declined  to  its  first  intensity,  to 
enlarge  again  up  to  1826.  Since  that  epoch  it  has  passed 
through  the  most  astonishing  phases,  oscillating  between  the 
first  and  second  magnitudes,  now  equal  to  Alpha  Crucis,  then  to 
Alpha  Centauris,  now  surpassing  Canopus,  and  finally  approach¬ 
ing*  Sirius.”  In  a  note  he  adds  that  Mr.  F.  Abbott  found  that 
it  reached  the  brightness  of  Sirius  in  1843,  and  then  passed 
through  diminishing  magnitudes,  until  in  1863  it  was  no  longer 
visible  to  the  naked  eye. 

Changes  of  magnitude  or  apparent  lustre  may  or  may  not, 
according  to  circumstances,  be  connected  with  alteration  in 
hue.  Recent  attention  has  been  strongly  called  to  these  colour 
changes,  some  of  which  appear  to  take  the  form  of  periodical 
alternations,  while  others  follow  laws  of  which  we  have  no  idea.* 
Thus  the  ancients  saw  Sirius  as  a  red  star.  He  is  now  white, 
and  does  not  present  any  indications  of  reverting  to  his  former 
condition.  Regular  periodical  changes  in  colour  or  brightness 
may  result  from  the  approach  and  recession  of  planets  attend¬ 
ing  on  stars,  and  which  may  excite  them  as  Mr.  Balfour  Stewart 
conceives,  but  other  colour  changes  may  result  from  internal 
conditions,  and  it  is  possible  that  no  star  would  be  found 
invariable  in  this  respect  if  watched  for  periods  sufficiently 
long.  Thus  among  the  future  contingences  that  may  await 
our  earth  may  be  that  of  some  day  receiving  coloured  light 
instead  of  white,  a  modification  that  would  have  a  considerable 
effect  upon  animal  and  vegetable  life. 

The  heavens  become  the  more  deeply  interesting  as  they 
lose  the  attribute  of  unchangeableness  formerly  ascribed  to 
them,  and  when  we  gaze  upon  constellations  that  impress  us 
with  their  magnificence,  and  serve  as  boundary  marks  in  space, 
tones  of  wonder  and  awe  vibrate  through  the  mind,  as  we 
reflect  that  some  at  least  of  these  combinations  are  breaking  up, 
that,  if  humanity  endures  long  enough,  some  future  members  of 
our  race  will  not  only  find  that  our  present  pole-star  has  for¬ 
saken  the  pole,  but  that  the  Cross  has  ceased  to  be  the  glory 

*  M.  Gruillemin’s  plate  of  coloured  stars  lias  not  been  prepared  with  sufficient 
care,  y  Leonis  is  a  complete  failure,  and  no  telescope  in  existence  can  show  the 
close  couple  in  y  Andromedse  as  represented.  The  colours  of  Albireo  Q  Cygni 
are  badly  given. 
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of  the  southern  hemisphere  through  its  components  wanderinm 
as  Humboldt  tells  us,  in  different  ways.*. 

M.  Guillemin  gives  a  table  of  the  computed  velocity  with 
which  certain  stars  move.  Arcturus  is  put  down  as  traversing 
fifty-four  miles  in  a  second,  61  Cygni  forty  miles  in  the  same 
time,  Capella  thirty-nine,  Sirius  fourteen,  Vega  thirteen,  and 
the  Pole  Star  one  and  a  half  miles.  Our  sun  and  his  attendant 
planets  appears  to  be  moving  towards  some  point  in  Hercules 
with  a  velocity  of  about  four  miles  a  second. 

All  the  testimonies  of  science  concur  in  pointing*  to  the 
oneness  ox  the  universe.  We  cannot,  therefore,  regard  the 
grouping  of  stars  as  otherwise  than  resulting  from  some  general 
law,  and  to  that  same,  or  to  some  other  great  law,  must 
be  ascribed  the  singular  and  frequently  fantastic  forms 
in  which  nebulous  matter  is  arranged.  M.  Guillemin  oaves, 
from  various  authorities,  a  considerable  number  of  woodcuts 
and  plates  illustrating  clusters  and  nebulae,  and  the  contempla¬ 
tion  of  such  delineations  is  well  calculated  to  impel  his  readers 
towards  the  contemplation  of  the  objects  themselves. f 

Mi.  Huggms  s  discoveries^,  have  demonstrated  the  existence 
of  real  nebula  as  contradistinguished  from  star  clusters  appear- 
mg  nebulous  simply  through  their  remoteness  from  our  earth. 
It  was  a  \  ery  illogical  proceeding*  on  the  part  of  many  astro¬ 
nomers  to  imagine  that  because  some  so-called  nebulae  were 
resolved  by  large  telescopes,  all  could  be  resolved  if  sufficiently 
powerful  instruments  were  provided;  and  the  evidence  to  the 
contrary  afforded  by  spectrum  analysis  not  only  restores  to  the 
heavens  one  portion  of  their  rich  variety  of  objects,  but  once 
more  opens  wide  the  doors  of  rational  speculation  which  were 
too  summarily  closed. 

It  is  not  excusable  that  M.  Guillemin,  in  his  third  edition, 
and  aftei  his  attention  had  been  called  to  the  matter  by  the 
notes  which  Mr.  Lockyer  appended  to  the  English  translation, 
should  persist  in.  treating  the  subject  of  nebulae  almost  as  if 
Mr.  Huggins  s  discoveries  had  not  been  made,  nor  is  there  any 
logical  propriety  in  his  separation  of  star  clusters  into  two  groups, 


ik 


•  i.i  ThefHaKge  :m  aPParer4  position  of  the  pole  star  arises  from  peculiarities 
m  the  earth  s  motion  by  which  its  pole  does  not  always  point  to  the  same  spot  in 
the  heavens.  I  his  source  of  charge  in  the  appearance  of  the  stars,  as  seen  from 
the  earth,  must  not  be  confoundedy/ith  changes  arising  from  their  proper  motions. 

f  vV  e  are  often  asked  what  sized  telescopes  will  show  such  objects.  This 
depends  very  much  on  climate  and  weather,  Many  of  the  easier  clusters  afford 
beautiful  sights  on  clear  nights,  with  refractors  as  small  as  three  inches,  which  will 
also^.  give  a  notion  of  the  brighter  and  larger  nebula,  such  as  those  of  Orion  and 
Anaromeda  Mr.  With  s  6  5 -inch  mirrors  act  beautifully,  and  with  more  power 
than  might  have  been  expected  on  many  nebula.  Larger  apertures  will  of  course 

do  more  ;  but  the  very  largest  are  required  to  follow  the  observations  of  Loss, 
JL/assell,  .Dond,  etc.  1 

t  See  especially  Celestial  Chemistry ,  in  onr  vol.  vi.,  p.  387. 
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one  of  which  is  dealt  with  under  the  head  of  nebulas.  More  infor¬ 
mation  is  needed  before  a  complete  classification  can  be  made, but 
Mr.  Lockyer  has  shown  the  right  method  by  placing  known  tele¬ 
scopic  clusters  side  by  side  with  clusters  visible  to  the  naked  eye. 
M.  Gruillemin  strangely  divides  his  description  of  nebulas  of  regular 
form  by  interpolating  in  the  midst  of  it  remarks  and  sketches 
of  some  that  are  irregular  in  shape.  Mr.  Lockyer  has  corrected 
this  awkwardness  in  his  edition. 

It  is  impossible  to  conceive  of  the  lavrs  of  aggregation 
which  operate  upon  nebulous  matter,  and  nothing  can  be 
more  surprising  and  extraordinary  than  the  fantastical  forms 
which  some  of  the  nebulae  assume.  Waiting  for  information 
on  this  highly  curious  subject,  we  pass  to  the  so-called 
planetary  nebulae,”  which  M  .  Gruillemin  erroneously  describes 
as  having  uniformly  luminous  disks.  Sir  J.  Hersckel  says 
of  them,  “  They  have,  as  their  name  imports,  a  near,  and 
in  some  instances  a  perfect  resemblance  to  planets  presenting 
disks  round  or  slightly  oval,  in  some  quite  sharply  terminated, 
in  others  a  little  hazy  or  softened  at  the  borders.  Their  light 
is  in  some  perfectly  equable,  in  others  mottled,  and  of  a  very 
peculiar  texture,  as  if  curdled.”*  He  adds,  f<rThe  largest  of 
these  objects  is  situated  somewhat  south  of  the  parallel  of 
j3  Ursa  Majoris,  and  about  12m  following  that  star.  Its  ap¬ 
parent  diameter  is  2'  40",  which,  supposing*  it  placed  at  a  dis¬ 
tance  of  not  more  than  61  Cygni,  would  imply  a  linear 
one  seven  times  greater  than  that  of  the  orbit  of  Neptune.-” 
The  absence  of  the  appearance  of  condensation  in  the 
centre  of  these  planetary  nebulae  has  suggested  the  notion 
that  they  may  be  hollow  shells,  and,  so  far  as  they  have  been 
examined  by  Mr.  Huggins,  they  afford  evidence  of  gaseous 
structure. 

The  discovery  of  variable  nebulae,  and  the  evidence  adduced 
of  changes  in  the  form  of  some  of  the  principal  nebulse,  showr 
that  these  bodies  are  performing  internal  work,  resulting  in 
alterations  in  shape  and  possibly  of  constitution  also.  The 
most  remarkable  of  these  changes  is  thus  alluded  to  by  Sir 
John  Herschel,  in  his  Catalogue  of  Nebulce ,  etc.,  p.  24,  No. 
2197,  According  to  a  letter  from  Mr.  Eyre  B.  Powell,  of 
Madras,  a  most  extraordinary  change  has  taken  place  in  this 
nebula  (p  Argus)  since  my  figure  of  it  was  delineated.  He 
states  that  at  the  southern  end  of  the  curious  oval  vacuity 
close  to  the  great  star,  which  was  decidedly  closed  when  I 
depicted  it,  is  now  decidedly  open.  Should  this  be  established, 
it  will  be  the  most  extraordinary  fact  that  has  yet  appeared  in 
the  history  of  a  nebula.”  Those  who  have  visited  the  southern 
hemispb ere  describe  this  nebula  as  an  object  of  surpassing 

*  Outlines  of  Astronomy . 
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gi andeur,  exceeding  tlie  great  Orion  nebula  in  splendour,  and 
also  in  eccentric  beauty  of  form. 

Wliat  are  nebula  properly  so-called  ?  Are  they  gaseous 
matter  resulting  from  the  dissipation  of  'the  solid  materials  of 
former  stars,  or  are  they  such  matter  in  process  of  condensa¬ 
tion  ?  Both  suppositions  are  probable,  if  our  minds  are 
impressed  with  the  belief  that  incessant  modification,  the  reso¬ 
lution  of  old  forms,  and  the  re-arrangement  of  their  matter 
into  new  forms,  is  the  rule  throughout  the  universe.  Hitherto, 
however,  not  even  spectrum  analysis  has  established  a  connec¬ 
tion  of  this  kind  between  nebula  and  stars.  It  may  exist,  but 
it  is  not  yet  proved;  and  if,  on  the  one  hand,  the  opponents  of 
fiee  speculation  on  these  subjects  ask  the  supporters  of  the 
nebular  hypothesis  for  more  proof  than  can  at  present  be 
adduced,  they  are  entitled  to  point  out  in  reply  that,  in  a  matter 
subjected  to  so  little  positive  investigation,  negative  evidence 
against  that  hypothesis  is  not  entitled  to  much  w’orth. 

A  few  words  on  the  two  volumes  before  us.  On  the  whole, 
the  plates  in  the  French  edition  are  the  best,  and  the  type  is 
larger  and  handsomer.  Mr.  Lockyer  has  been  an  "“able 
editor  3  of  the  English  edition,  and  if  he  had  selected  a  pub¬ 
lisher  from  whom  students  expect  to  receive  works  of  a  solid 
and  enduring  character,  we  have  no  doubt  the  popularity  of 
the  English  version  would  have  been  as  great  in  England  as 
that  of  the  French  edition  has  been  in  France. 
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EQUIGRAPHIC  PROJECTIONS  OF  THE  GLOBE. 

BY  RICHARD  A.  PROCTOR,  B.A. 

(  With  Illustrations.) 

In  tliis  paper  the  term  “  projection  ”  is  to  be  understood  in 
the  sense  used  in  mapping — viz.,  to  signify  any  method  of 
construction  by  which  the  meridians  and  parallels  of  a  map  may 
be  laid  down. 

Since  it  is  impossible  to  represent  any  portion  of  a  globe 
without  distortion,  the  map-maker  seeks  to  satisfy  the  condi¬ 
tions  which  seem  most  important  for  the  particular  purpose  he 
may  have  in  view.  Thus  he  may  propose  to  himself  the  con¬ 
struction  of  a  map  in  which  distances  measured  from  the  centre, 
or  along  a  latitude-parallel,  shall  be  correctly  given,  as  in  the 
equidistant  projection,  and  in  Flamsteeds  projection,  respectively, 
or  in  which  errors  of  distance  shall  be  distributed  as  equally  as 
possible ;  or  he  may  aim  chiefly  to  obtain  correctness  of  shape, 
either  in  large  figures — a  problem  approximately  solved  in  the 
conical  projection,  or  in  small  figures,  a  problem  completely 
solved  in  the  stereo  graphic  and  Mercator’s  projections,  and  which 
may  be  solved  in  an  indefinite  number  of  ways ;  or,  again,  he 
may  propose  that  certain  lines  on  the  globe  shall  be  represented 
by  straight  lines  in  the  map — as  great  circles  and  rhumb-lines,  for 
instance,  are  represented  in  the gnomonic  and  Mercator’s  projec¬ 
tions  respectively.  These  and  many  other  problems  maybe  pro¬ 
posed,  and  maps  constructed  to  fulfil  such  conditions,  will  have 
a  special  value  for  special  purposes.  The  problem  I  now  pro¬ 
pose  to  examine  is  that  of  the  construction  of  maps  in  which 
equal  areas  on  the  globe  shall  be  represented  by  equal  areas  on 
the  map.  M.  Babinet,  who  first  proposed  such  a  construction, 
called  it  the  ho molo graphic  projection  of  the  globe ;  the  term 
equigraphic  seems  preferable,  however. 

It  is  stated  in  Nicholas  Cyclopaedia  of  the  Physical  Sciences, 
that  Cauchy,  the  celebrated  mathematician,  solved  BabineFs 
problem,  though  it  is  not  easy  to  see  what  difficulty  Babinet 
could  have  found,  since  the  problem  admits  of  many  simple 
solutions.  I  am  unable  to  say  whether  Cauchy^s  solution  cor¬ 
responds  with  any  of  those  I  am  about  to  indicate.  The  advan¬ 
tages  of  equigraphic  projection  for  special  purposes  are  obvious. 
Maps  thus  constructed  are  not  necessarily  much  distorted ;  but 
of  course  when  the  whole  of  the  sphere  is  represented  in  a 
single  projection,  as  in  the  figures  which  illustrate  this  article, 
the  distortion  is  very  great  in  parts  of  the  map. 

The  method  illustrated  in  Fig.  1  results  from  the  solution 
of  the  following  problem  Two  neighbouring  latitude-parallels 
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being  taken,  including  between  them  a  very  narrow  belt  of 
surface,  required  to  find  a  point  on  the  polar  axis  from  which, 
this  belt  would  be  projected  into  a  ring  of  equal  area  on  the 
north-polar  tangent-plane.  The  solution  of  this  problem  gives 
a  formula  from  which  it  results  that  each  such  belt  must  be 
projected  from  a  different  point  in  other  words,  that  there  is 
no  single  point  for  which  any  finite  area  of  the  globe  can  be 
e qui gr  aphically  projected.  But  the  complete  projection  can  be 
obtained  in  an  elegant  manner  by  a  sort  of  double  (true)  pro¬ 
jection.  Imagine  a  hemispherical  shell  of  twice  the  radius  of 
the  sphere  standing  on  the  centre  of  its  curved  surface  upon  a 
horizontal  table ;  let  the  sphere  be  placed  within  the  hemi¬ 
sphere,  the  north  pole  of  the  sphere  coinciding  with  the  point 
of  contact  of  the  hemisphere  and  table,  so  that  the  axis  of  the 
sphere  is  vertical,  and  the  south  pole  coincides  with  the  centre 
of  the  hemisphere.  How  suppose  both  the  sphere  and  the 
hemispherical  shell  to  be  transparent ;  the  meridians,  continent- 
outlines,  etc.,  on  the  sphere  opaque  ;  and  that  a  luminous  point 
placed  at  the  soutii  pole  of  the  sphere  casts  shadows  of  the 
opaque  lines  upon  the  hemispherical  shell;  then,  if  these 
shadows  be  traced  in  opaque  lines,  and  the  luminous  point  be 
removed  vertically  upwards  to  an  indefinite  distance,  the 
lines  traced  on  the  hemisphere  will  be  orthog  rap  Ideally  pro¬ 
jected  as  shadows  upon  the  plane  table.  How  it  is  easy  to 
show  that  any  small  area  on  the  sphere  is  increased  by  the  first 
process,  and  the  increased  area  diminished  in  the  same  propor¬ 
tion  by  the  second  process,  so  that  the  area  of  the  final  projec¬ 
tion  is  equal  to  the  true  area  on  the  globe — -in  other  words,  the 
final  projection  is  equigraphic. 

The  construction  for  this  projection  is  simple.  If  the  meri¬ 
dians  and  parallels  are  to  be  drawn  to  every  tenth  degree,  pro¬ 
ceed  as  follows  :  Describe  a  circle  with  a  radius  equal  to  twice 
that  of  the  globe,  to  the  scale  of  which  the  projection  is  to  be 
drawn ;  divide  the  circumference  to  every  fifth  degree ;  draw  a 
pencil-line  from  the  centre  to  one  of  these  divisions,  and  a 
series  of  other  pencil-lines— -which  will  cross  the  first  at  light 
angles— -connecting  divisions  equidistant  from  the  first  on  either 
side  of  it ;  describe  circles  concentric  with  the  first  through 
the  points  in  which  the  first  straight  line  is  crossed -by  the 
others  these  are  the  'parallels  ;  and  lastly,  draw  straight  lines 

from  the  centre  to  alternate  divisions  round  the  outer  circle _ - 

these  are  the  meridians.  In  other  words,  if  we  omit  alternate 
meridians  in  the  polar  orthographic  projection  of  the  meridians 
and  parallels  of  a  hemisphere  to  every  fifth  degree,  we  have  the 

*  The  formula  is  x  =  2  r  (1  -f-  cos  A)  where  r  is  the  radius  of  the  sphere,  A  the 

mid-latitude  of  the  belt,  and  x  the  distance  of  the  point  of  projection  for  the  belt, 
from  the  north  pole  of  the  sphere. 
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meridians  and  parallels  of  tlie  polar  equigraphic  projection  of  a 
complete  sphere  to  every  tenth  degree.  We  may  now  darken  the 
middle  parallel,  which  represents  the  equator,  mark  in  the 
tropics  and  arctic  circles  in  their  proper  places,  as  shown  by  the 
dotted  circles,  and  draw  in  the  continents  and  islands  according 
to  them  proper  longitudes  and  latitudes.  It  is  convenient  also 
to  darken  two  meridians  at  right  angles  to  each  other ;  for  this 
purpose  we  may  select  the  meridian  separating  the  old  and  new 
hemispheres  (so-called)  from  each  other,  and  the  meridian  at 
right  angles  to  the  former.  In  other  words,  the  darkened 
meridians  and  parallel  of  Fig.  1  (as  of  the  other  figures)  corres¬ 
pond  with  the  circumferences,  and  with  the  horizontal  and 
perpendicular  diameters  of  the  maps  of  two  hemispheres  com¬ 
monly  given  in  our  atlases. 

The  method  illustrated  in  Fig.  2  is  an  extension  of  Flam¬ 
steed’s  projection  to  the  whole  globe.  The  construction  is 
simple  :  a  series  of  equidistant  parallels  represent  the  parallels 
of  latitude,  a  perpendicular  cross-line  representing  a  meridian 
bisects  all  the  parallels,  which  are  made  equal  in  length  to  the 
actual  parallels  on  a  globe  of  the  scale  of  the  figure,  the  dis¬ 
tance  between  them  being  also  equal  to  the  true  distance  (con¬ 
stant)  separating  successive  parallels  on  such  a  globe.  The 
parallels  being  divided  into  equal  parts,  corresponding  points 
of  division  are  connected  by  curved  lines  representing  the 
meridians,  as  shown  in  Fig.  2,  in  which  meridians  and  parallels 
are  laid  down  to  every  tenth  degree.  It  is  obvious  that  this 
projection  is  equigraphic,  for  the  spaces  near  the  central 
meridian  represent  the  corresponding  spaces  on  the  globe  both 
in  size  and  shape,  and  all  the  spaces  between  any  pair  of 
parallels  are  equal,  though  they  vary  in  shape,  for  each  may  be 
divided  into  two  unequal  triangles,  and  we  see  that  the  greater 
and  less  triangles  of  any  one  space  are  equal  to  the  corres¬ 
ponding  triangles  of  another,  since  they  have  equal  bases, 
respectively,  and  lie  between  the  same  parallels. 

The  last  method  is  founded  on  the  property  that  if  a 
sphere  is  enclosed  in  a  cylinder,  any  two  planes  parallel  to  the 
base  of  the  cylinder  enclose  between  them  equal  belts  of 
surface  of  the  sphere  and  cylinder.  Now,  suppose  that  the 
polar  axis  of  a  globe  is  the  axis  of  the  enclosing  cylinder,  and 
that  this  axis  is  luminous,  but  can  only  emit  rays  of  light  at 
right  angles  to  its  own  length ;  then,  if  the  meridians,  con¬ 
tinent-outlines,  etc.,  are  opaque  and  the  sphere  transparent, 
shadows  of  these  lines  will  be  cast  on  the  enclosing  cylinder, 
the  points  on  each  parallel  of  latitude  being  projected  in  the 
plane  of  their  parallel,  owing  to  the  supposed  peculiarity  of 
the  luminous  axis.  If,  now,  the  cylinder  be  opened  along  a 
line  parallel  to  its  axis  and  unrolled,  we  shall  obtain  the  equi- 
vol.  ix. — no.  vi.  F  p 
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graphic  projection  represented  in  Fig.  3.  The  construction 
is  simple.  Taking  a  horizontal  cross-line  to  represent  the 
equator,  and  therefore  equal  in  length  to  the  circumference  of 
the  globe,  we  divide  it  into  equal  parts,  and  through  the  points 
of  division  draw  perpendiculars  representing  the  meridians ; 
these  must  be  equal  in  length  to  the  diameter  of  the  globe,  and 
be  bisected  by  the  equator.  On  the  outside  meridians  describe 
semicircles  (in  pencil),  and  divide  their  circumferences  into  half 
as  many  equal  parts  as  the  equator  was  divided  into,  and  through 
corresponding  points  of  division  draw  parallels  to  the  equator; 
these  represent  latitude-parallels,  and  in  Fig.  3  meridians  and 
parallels  are  drawn  to  every  tenth  degree. 

There  are  many  methods  by  which  the  globe  may  be  equi- 
graphically  projected  ;  the  three  just  described  are,  however, 
the  simplest  in  construction,  and,  in  some  respects,  the  best 
that  can  be  devised.  The  qualities  of  these  projections,  and 
the  purposes  which  maps  formed  upon  them  are  best  suited  to 
fulfil,  are  different. 

In  the  first  projection  we  have  a  very  accurate  map  of  the 
north  polar  regions ;  the  northern  hemisphere  is  presented 
without  great  distortion,  but  all  the  outlines  of  the  southern 
hemisphere  are  much  distorted.  The  projection  can,  of  course, 
be  applied  to  the  southern  quite  as  well  as  to  the  northern 
hemisphere ;  however,  as  the  greater  portion  of  the  land  lies 
north  of  the  equator,  the  northern  is  obviously  the  proper  pole 
for  the  centre  of  the  projection,  if  only  one  map  is  to  be 
drawn.  It  is  not  advisable  to  present  the  northern  and 
southern  hemispheres  in  two  maps,  since  one  of  the  chief 
advantages  of  this,  as  of  most  polar  maps,  is  that  it  indicates 
the  connection  between  the  different  parts  of  the  globe.  It 
would  be  well,  however,  supposing  maps  of  this  sort  were  to 
be  introduced  into  atlases,  either  to  give  two  maps  of  the 
complete  sphere,  or  at  least  to  supplement  the  north  polar 
map.  with  a  map  of  southern  regions  from  the  pole  to  the 
tropic  of  Capricorn. 

Such  a  map  as  Fig.  1,  on  a  suitable  scale,  would  form  a 
useful  addition  to  works  on  physical  geography.  Consider,  for 
instance,  the  following  extracts  from  Humboldt’s  Cosmos 
The  superncial  extent  of  dry  land,  compared  with  that  of 
the  liquid  element,  is  as  1  :  2 '8,  or,  according  to  Rigaud,  as 
100  :  2/0.^.  The  islands  form  scarcely  one  twenty-third  part 
of  the  continental  masses,  which  are  so  unequally  distributed 
that  the  northern  hemisphere  contains  three  times  as  much 
land  as  the  southern,  which  is  pre-eminently  oceanic.  . 

I  he  liquid  element  predominat  es  equally  in  the  space  comprised 
between  the  eastern  shores  of  the  old  and  the  western  shores 

*  According  to  others,  100  ;  284. 
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of  the  new  continent,  where  it  is  only  interrupted  by  a  few 
scattered  groups  of  islands.  .  .  .  The  southern  hemisphere 

and  the  western,  from  the  meridian  of  Teneriffe,  are  therefore  the 
most  oceanic  portions  of  the  globe.”  “  The  two  great  insular 
masses  or  continents — eastern  and  western,  old  and  new — 
present  some  striking  contrasts,  and,  at  the  same  time,  some 
analogies  worthy  of  notice.  Their  major  axes  are  in  opposite 
directions,-”  the  eastern  extending  from  east  to  west,  the 
western  from  north  to  south,  roughly.  “  On  the  other  hand, 
both  continents  are  terminated  towards  the  north,  nearly  on 
the  seventieth  parallel ;  and  towards  the  south  run  into  pyra¬ 
midal  terminations,  having  submarine  prolongations  indicated 
by  islands  and  shoals.”  Some  of  these  remarks,  it  will  be 
noticed,  are  satisfactorily  illustrated  by  a  map  on  Mercators 
projection,  others  by  any  map  on  an  equigraphic  projection; 
but  the  polar  equigraphic  projection  is  the  only  satisfactory 
illustration  of  the  complete  series  of  remarks. 

I  may  notice,  in  this  connection,  a  remark  of  Humboldt's, 
which  illustrates  the  singular  liability  even  of  the  best  obser¬ 
vers  to  error  when  intent  on  establishing  a  favourite  view. 
Humboldt,  in  labouring  to  establish  the  prevalence  of  law  in  the 
figuration  of  the  continents,  adduces  the  following  instance  : — 
“We  perceive,”  he  says,  “that  the  terminations  of  the  three 
continents,  i.  e.,  the  southern  extremities  of  Africa,  Australia, 
and  America,  successively  approach  nearer  to  the  South  Pole;” 
apparently  not  noticing  that  three  promontories  round  a  globe 
must  necessarily  exhibit  such  successive  approach,  either  in  an 
easterly  or  westerly  direction.  In  fact,  the  arrangement 
actually  observed  is  exactly  that  which  seems  least  indicative 
of  law,  since  the  points  of  Africa  and  America,  which  are 
those  separated  by  the  shortest  difference  of  longitude,  are 
also  those  which  differ  most  in  latitude.  A  law  might  seem 
to  be  suggested  if  Africa  extended  to  a  southern  latitude 
intermediate  between  the  latitudes  limiting  Australia  and 
South  America,  or  (in  a  less  degree)  if  South  America  ex¬ 
tended  to  a  latitude  intermediate  between  the  latitudes  limiting 
Australia  and  Africa.  In  either  case,  however,  the  certainty 
that  the  three  points  must  lie  in  order  would  be  sufficient  to 
weaken  any  evidence  founded  on  the  different  distances  (in 
longitude)  between  them.  Humboldt  adds,  that  “Hew  Zea¬ 
land  seems  to  form  a  regular  intermediate  member  between 
Australia  and  South  America.”  But  if  Hew  Zealand  is  to  be 
considered  in  such  an  inquiry,  then  Madagascar,  which  is 
larger  than  all  the  Hew  Zealand  islands  together,  must  also  be 
considered;  and  the  assumed  law  is  not  followed  in  the  case 
of  Madagascar.  If  it  be  argued  that  Madagascar  is  clearly 
only  a  “  submarine  prolongation”  of  Africa,  it  may  be 
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answered  that  it  is  quite  as  clear  that  Australia  itself,  and  all 
the  islands  of  the  Australian  Polynesia,  are  only  submarine 
prolongations  of  the  Asiatic  continent  (see  Pig.  1).* 

Such  a  projection  as  that  of  Fig.  1  is  especially  adapted  to 
illustrate  works  on  the  physical  geography  of  the  sea,  since  the 
correct  presentation  of  areas  is  obviously  important  in  illustra¬ 
ting  the  subjects  treated  of  in  such  works ;  and  it  is  also  impor¬ 
tant  that  currents,  tidal  wave-fronts,  tracks  of  ships,  etc.,  should 
be  presented  without  the  breaks  which  occur  in  maps  on  Mer¬ 
cator’s  projection.  There  are  many  passages,  for  instance,  in 
Maury’s  Physical  Geography  of  the  Sea ,  which  seem  to  require 
the  illustration  afforded  by  maps  on  the  polar  equigraphic  pro¬ 
jection.  I  will  select  one  on  a  subject  of  some  interest.  In 
this  case  the  illustration  afforded  by  the  north  polar  map  is  such 
as  to  throw  doubt  on  conclusions,  which,  judged  by  Mercator’s 
chart,  seem  sufficiently  plausible  : — 

In  the  earlier  editions  of  this  interesting  work  Captain 
Maury  had  expressed  the  opinion  that  there  exists  u  a  basin 
of  considerable  extent  in  the  frozen  ocean,  supplied  by  water 
coming  in  at  the  bottom,  and  rising  up  at  the  top,  with  a  tem¬ 
perature  not  below  28°,  the  freezing  point  of  sea-water.”  He 
cited  in  evidence  the  facts  that  whales  have  been  taken  near 
Behring’s  Strait  with  harpoons  in  them  bearing  the  stamp  of 
ships  cruising  on  the  Baffin’s  Bay  side  of  the  American  con¬ 
tinent  ;  tnat  u  icebergs  high  above  the  water,  and  therefore 
extending  more  than  seven  times  as  far  below  the  surface, 

Paye  been  seen  drifting  rapidly  northwards  through  Davis’ 
Strait  against  a  strong  surface  current,” f  showing  that  there  is 
a  powerful  under-current  towards  the  north  pole;  that  De 
Haven  saw  a  “  water- sky  ”  northward  and  westward  from 
Wellington  Channel ;  and  lastly,  that  the  birds  and  animals  of 
arctic  regions  migrate  northwards  in  search  of  milder  climates. 
This  last  circumstance,  by  the  way,  does  not  afford  such  strong 
evidence  as  at  first  sight  it  appears  to  do,  since,  owing  to  the 
peculiar  disposition  of  the  autumn  and  winter  isotherms,  a 
course  very  nearly  northerly  would  in  many  cases  be  the  proper 
course  for  arctic  birds  and  animals  seeking”  the  nearest  spots 

It  may  be  noticed  that  the  mathematical  chance  of  four  promontories  round 
a  globe  forming  a  regular  progression,  either  in  an  easterly  or  westerly  direction, 
is  3r  ,o  five  Tsth,  of  six  ?*jth,  and  so  on  ;  the  chance  of  n  promontories  forming 

such  a  progression,  in  either  way,  being  — where  means  the  continued 

product  of  the  natural  numbers  from  1  to  n  —  1.  In  other  words,  the  «  odds  ” 
against  these  respective  events  are  2  to  I,  11  to  1,  59  to  1,  and  (i  l»-i  _  1)  t0  1 
respectively.  V2  '  * 

f  Even  in  midwinter.  Thus  Captain  Duncan,  of  the  whale-ship  “Dundee,” 
writes— “  December  18th  (1826).  It  was  awful  to  behold  the  immense  icebergs 
working  their  way  to  the  north-east  from  us,  and  not  one  drop  of  water  to  be 
seen  ;  they  were  working  themselves  right  through  the  middle  of  the  ice.” 
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combining  a  suitable  climate  with  the  conditions  suited  to  the 
existence  of  these  creatures.  For  instance,  the  shortest  course 
from  Parry  Islands  to  Spitzbergen,  with  its  comparatively  mild 
winter  climate,  would  pass  very  near  the  North  Pole.  However, 
it  may  be  considered  as  established,  that  (in  summer  cer¬ 
tainly,  and  probably  in  winter)  large  open  seas  exist  in  the 
arctic  regions. 

But  in  treating  of  this  subject  in  later  editions.  Captain 
Maury  has  gone  much  further,  as  the  following  extract  shows  : 
“  Hr.  Kane  reported  an  open  sea  north  of  the  parallel  of  82°. 
To  reach  it  his  party  crossed  a  barrier  of  ice  80  or  100  miles 

broad . Passing  this  ice-bound  region  by  travelling 

north,  he  stood  on  the  shores  of  an  iceless  sea,  extending,  in 
an  unbroken  sheet  of  water,  as  far  as  the  eye  could  reach, 
towards  the  north  pole.  Its  waves  were  dashing  on  the  beach 
with  the  swell  of  a  boundless  ocean.  The  tides  ebbed  and 
flowed  in  it,  and  I  apprehend  that  the  tidal  wave  from  the 
Atlantic  can  no  more  pass  under  this  icy  barrier  to  be  propa¬ 
gated  in  seas  beyond,  than  the  vibrations  of  a  musical  string 
can  pass  with  its  notes  a  f  fret ’  upon  which  the  musician  has 

placed  his  finger . These  tides ,  therefore ,  must  have  been 

born  in  that  cold  sea,  having  their  cradle  about  the  North  Pole, 
and  vie  infer  that  most,  if  not  all,  the  unexplored  regions  about 
the  Pole  are  covered  with  deep  water  ;  for  were  this  unexplored 
area  mostly  land,  or  shallow  loader,  it  could  not  give  birth  to 
regular  tides .” 

It  may  be  true,  though  it  seems  far  from  probable,  that  a 
vast  arctic  ocean  occupies  all  the  unexplored  regions  near  the 
North  Pole  :  but  the  “  birth  of  tides  in  that  cold  sea”  is  cer¬ 
tainly  not  established  by  the  evidence  adduced.  Referring  to 
Fig.  1,  the  reader  will  see,  to  the  left  of  the  central  dark 
meridian,  a  strait,  opening  into  the  arctic  regions  within  the 
eightieth  parallel.  It  was  here  that  Dr.  Kane  saw  an  open  sea 
extending  as  far  as  the  eye  could  reach  to  the  north  and  north¬ 
east,  with  land  (the  most  northerly  yet  seen)  in  the  north-west. 
About  as  far  to  the  right  of  the  dark  meridian,  and  just  south 
of  the  eightieth  parallel  is  the  island  of  Spitzbergen  ;  above,  on 
the  next  dark  meridian,  is  Nova  Zernbla ;  beyond  that  again, 
Liakhov  Island,  about  as  far  from  Behring’s  Strait  (between 
Asia  and  America)  on  the  Asiatic  side  as  are  the  Parry  Islands 
on  the  American  side  :  and  next  to  the  Parry  Islands  is  the 
strait  from  which  we  started.  Now  it  is  necessary  for  the  pur¬ 
poses  of  Maury’s  argument,  that  it  should  be  proved  that 
there  is  no  communication  between  the  place  reached  by  Dr. 
Kane  and  the  Atlantic  Ocean  on  the  one  side,  or  the  Pacific 
Ocean  (through  Behring’s  Strait),  on  the  other;  in  other 
words,  that  a  land-locked  or  ice-bound  ocean  surrounds  the 
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north  pole,  and  that  this  ocean  is  so  large  that  the  attractions 
of  the  sun  and  moon  on  different  parts  of  it  are  sufficiently 
unequal  for  the  generation  of  tides.*  Now  it  seems  clear  to 
me  that  even  if  the  whole  of  the  unexplored  regions  about  the 
pole  were  covered  by  a  deep  land-locked  ocean,  yet  no  appre¬ 
ciable  tides  could  be  generated  in  an  ocean  so  situated.  But 
an  arctic  (land-locked)  ocean  must  be  much  more  contracted ; 
lor  Captain  Penny  sailed  on  an  open  ocean  between  Liakhov 
Island  and  the  Parry  Islands,  and  Captain  McClure  proved  that 
sea  communication  exists  between  Behring’s  Strait  and  the 
Parry  Islands.  Therefore  any  land  or  fixed  ice  locking  the 
supposed  arctic  tidal  ocean  on  this  side  must  lie  within  10°  or 
12°  of  the  north  pole.  But  a  far  stronger  argument  against 
Captain  Maury’s  view  may  be  derived  from  the  results  of  Sir  E. 
Parry’s  celebrated  sledge  excursion  from  Spitzbergen  for 
although  Parry  saw  no  open  sea  north  of  the  eighty-first  parallel, 
yet  his  expedition  proved  the  existence  of  open  sea  as  far  north  as 
the  eighty-fifth  parallel  (at  least) ;  and  therefore  not  only  con¬ 
tracted  to  this  extent  the  space  within  which  a  land-locked  arctic 
ocean,  if  any  exist,  must  be  confined,  but  established  the  pro¬ 
bability  that  open  sea  communication  exists  between  the 
Atlantic  and  the  point  reached  by  Dr.  Kane. 

Let  us  see  how  these  results  maybe  deduced  from  the  very 
circumstance  which  led  to  Parry’s  failure.  Starting  from 
Spitzbergen  in  the  boats  “Enterprise”  and  “Endeavour/’  the 
expedition  sailed  northwards  for  three  days  ;  but  ice  gradually 
gathering  round  them,  they  commenced  a  “  boat  and  sledge  ” 
journey  over  a  vast  body  of  ice.  After  five  weeks  of  labour, 
during  which  they  travelled  290  miles  northwards,  they  found 
that  the  distance  from  the  starting-point  was  only  172  miles, 
the  southerly  drift  of  the  whole  field  of  ice  over  which  they  had 
been  laboriously  tracking  their  way  having  carried  them  back 
118  miles  !  They  had  reached  latitude  82f°  north,  and  they 
could  see  no  sign  of  clear  water  in  any  direction.  Now, 
remembering  that  an  experienced  arctic  sailor  can  detect  a 
“  water- sky ”  long  before  open  water  can  be  seen,  we  may 
safely  assume  that  the  field  over  which  they  had  travelled  so 
far  extended  fully  fifty  miles  farther  north,  and  as  far  to  the  east 
and  west.  But  this  is  not  all.  The  point  they  had  reached 
must  have  been  118  miles  farther  north  when  they  started, 
since  the  whole  field  had  travelled  southwards  by  that  amount. 
Therefore  the  open  sea  communicating  with  the  Atlantic ,  on  which 
their  vast  ice-ship  was  floating  freely ,  had,  when  they  started, 
extended  at  least  168  miles  further  north  than  latitude  82f°,  or 
further  north  than  the  eighty-fifth  parallel  (half  way  between 

It  is  clearly  only  by  such  inequality  of  attraction  that  tides  can  be  generated 
m  a  land-locked  polar  sea. 
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Spitzbergen  and  the  pole — see  Fig.  1).  It  was  precisely  in  this 
direction  that  Dr.  Kane  saw  open  water  as  far  as  the  eye  could 
reach — say  twenty  or  thirty  miles.  The  fact  that  so  large  a 
held,  probably  extending  at  least  100  miles  from  east  to  west, 
drifted  freely  for  118  miles,  seems  to  prove  that  the  sea  on 
which  it  floated  is  deep,  for  otherwise  islands  or  shallows  would 
probably  occur  which  would  check  the  motion  of  large  fields 
of  floating  ice.  In  fact,  the  voyages  of  Hudson  (1607), 
Buchan  and  Franklin  (1818),  and  Scoresby  (1806)  had  sufficed 
to  establish  the  probability  that  a  vast  offshoot  of  the  Atlantic 
valley  extends  far  towards  the  North  Pole ;  and  it  was  in  this 
sea,  in  latitude  76°  north,  that  Dr.  Scoresby  sounded  to  the 
depth  of  more  than  a  mile  and  a  half  without  finding  bottom. 
It  seems,  therefore,  far  more  probable  (to  say  the  least)  that 
open  sea  communication  exists  in  summer  between  the  point 
reached  by  Dr.  Kane  and  the  great  sea  that  washes  the  shores 
of  Iceland  and  Spitsbergen — in  other  words,  that  Greenland  is 
an  island — than  that  the  tides  seen  by  Kane  were  born  in  a 
land-locked  Arctic  ocean,  and  had  their  cradle  near  the  North 
Pole. 

There  are  several  purposes  for  which  the  projection  of  Fig. 
2,  independently  of  the  advantage  it  possesses  as  an  equigra- 
phic  projection,  seems  better  suited  than  Mercator’s.  For 
instance,  it  would  exhibit  isothermal  lines,  lines  of  equal  mean 
barometric  pressure,  and  other  such  lines,  more  correctly  both 
as  respects  their  length,  and  as  respects  the  distances  between 
successive  lines. 

The  projection  of  Fig.  3  has  the  advantage  of  simplicity  of 
construction,  and  the  map  being  divided  into  rectangular  areas, 
it  is  easy  to  determine,  by  a  few  simple  measurements,  the  areas 
of  continents,  countries,  oceans,  or  seas. 

Any  other  point  might  be  adopted  for  the  centre  of  the 
projection  of  Fig.  1,  but  the  construction  for  the  meridians 
and  parallels  would  no  longer  be  simple.  The  same  remark 
applies  to  the  projections  of  Figs.  2  and  3,  if  any  other  great 
circle  than  the  equator  is  adopted  for  the  central  line ;  but  of 
course  any  other  meridian  may  be  assumed  as  the  central 
meridian  without  varying  the  construction. 

One  other  point  remains  to  be  noticed.  If  the  distances 
between  successive  meridians  were  uniformly  diminished  in  any 
of  these  projections,  so  that  Fig.  1  became  a  sector  instead  of 
a  circle,  and  Figs.  2  and  3  were  uniformly  contracted  horizon¬ 
tally  on  both  sides  of  the  central  meridian,  the  projections 
would  still  be  equigraphic.  For  special  purposes  such  changes 
may  be  useful.  Some  arrangements  of  Fig.  1  may  be  noted  in 
particular.  If,  instead  of  a  complete  circle,  a  semicircle  be 
divided  into  thirty- six  equal  angles,  the  parallels  remaining 
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unchanged,  the  spaces  near  the  equator  will  have  very  nearly 
their  true  figure,  and  the  distortion  near  the  south  pole  will  be 
diminished  by  one-half.  This  semicircle  can  be  formed  into  a 
cone  by  bringing  together  the  bounding  radii  (considering  the 
semicircle  as  a  sector),  and  the  connection  between  different 
parts  of  the  globe  can  thus  be  indicated  as  clearly  as  in  Fig.  1. 
But  a  still  better  representation  of  the  globe  may  be  formed  by 
taking  two  equal  sectors  of  about  three  right  angles,  dividing 
each  into  thirty-six  equal  angles,  describing  parallels  np  to  the 
equator,  and  drawing  in  the  continent- outlines  of  the  northern 
hemisphere  in  one  sector,  and  of  the  southern  hemisphere  in 
the  other.  If  the  two  sectors  be  formed  into  cones,*  and 
these  joined  along  the  equator,  an  equigraphic  representation 
of  the  globe  on  a  double  cone  will  be  formed,  the  vertices 
being  the  poles.  The  construction  of  these  fig’ures,  or  of 
otheis  formed  in  a  similar  manner  from  sectors  of  varying  angles 
(or  constructed  on  other  projections),  would  form  an  interesting 
and  instructive  employment  for  the  young  geographer. 

A.  work  has  lately  been  published,  by  a  person  writing’ 
under  the  pseudonym  of  “  Parallax/"  in  which  it  is  gravely 
maintained  that  the  earth  is  plane,  and  of  a  figure  somewhat 
resembling  Fig.  1,  the  parallels,  however,  being  equidistant. 
The  sun  travels  at  a  distance  of  about  4000  miles  from  the 
earth,  in  a  circle  of  varying  radius  about  the  north  pole  as 
centre,  being  vertical  over  the  equator  at  the  equinoxes,  and 
o/er  the  tropics  of  Cancer  and  Capricorn,  m  summer  and 
winter  respectively.  The  tides  are  caused  by  the  motion  of  the 
earth,  which  floats  (!)  upon  a  bottomless  ocean,  and  carries  fire 
in  its  hold  for  the  eventual  destruction  of  its  inhabitants. 
The  moon  has  one  luminous  hemisphere,  which,  being’ presented 
in  different  proportions  to  the  earth,  produces  the  lunar  phases, 
lunar  eclipses  being  caused  by  an  invisible  semi-transparent 
satellite  !  The  new-  system  is  supported,  as  is  fit,  by  new  prin¬ 
ciples  -for  instance,  by  a  new  law  of  perspective,  (C  the  law 
taught  in  our  schools  of  art  being  contrary  to  everything  seen 
in  nature ;  and  a  newr  law  of  projectiles,  wTiich,  it  appears, 
ascend  diagonally  in  a  straig'ht  line,  and  descend  vertically. 
The  autlioi  is  described  in  the  Athenceum  as  an  enthusiast  who 
goes  about  the  country  enforcing  his  viewTs  in  lectures,  and  a 
hope  is  expressed  that  rfhe  may  make  some  converts/"  so  that 
a  “  Wesleyan  agitation  may  lead  astronomers  to  defend  the 
established  ""  system  more  clearly  than  has  yet  been  done  ! 


-  The  vertical  angle  of  either  cone  will  he  a  right  angle,  if  the  angle  of  either 
sector  is  254*  .  In  this  case  the  axis  of  the  double  cone  will  be  equal  in  length 
to  the  diameter  of  the  equator,  and  the  distortion  will  not  be  very  great  in  any 

part  of  the  projection  In  the  case  first  considered  (of  a  semicircle)  the  yertical 
angle  of  the  cone  would  be  60\ 
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Such,  a  work  is,  of  course,  beneath  criticism  in  these  pages, 
but  one  remark  on  books  of  this  kind  may  be  useful  to  the 
young  student.  It  will  generally  be  found  that  for  one  page 
of  the  author’s  writing  there  are  three  of  quotations,  and  that 
these  are  so  ingeniously  garbled,  that  their  meaning  is  alto¬ 
gether  perverted.  Hence,  if  the  student  should  feel  per¬ 
plexed  by  confident  appeals  to  well-known  authorities,  it  will 
be  well  for  him  to  suspend  his  judgment  till  he  has  read  the  pas¬ 
sages  in  the  original.  As  instances  of  the  necessity  for  this  caution, 
an  extract  or  two  taken  at  random  from  the  book  mentioned  will 
suffice.  To  prove  that  the  parallel  of  Cape  Horn  is  longer  than 
the  equator,  “Parallax”*  quotes  Sir  J.  C.  Ross  as  saying, 
“From  near  Cape  Horn  to  Port  Philip  (Melbourne)  the  dis¬ 
tance  is  9000  miles therefore,  these  two  places  being  148° 
apart,  the  length  of  the  parallel  of  Cape  Horn  is  22,657 
nautical  miles.  It  happens,  however,  that  Captain  Ross  is 
quoting  the  words  of  a  landsman,  so  that  the  miles  are  pre¬ 
sumably  statute  miles ;  and  that  reference  is  made  to  the  course 
of  a  bottle,  which  travelled  in  an  easterly  direction,  and  there¬ 
fore  passed  over  217°  instead  of  143°,  Ross  himself  adding  that 
the  bottle  must  have  passed  Kerguelen  Island.  Again,  the 
author,  wishing  to  prove  that  the  Pole  Star  can  be  seen  as  far 
south  as  the  tropic  of  Capricorn ,  quotes  the  Times  of  May  13, 
1862,  in  which,  under  “Naval  and  Military  Intelligence,”  it  is 
stated  that  Captain  Wilkins,  of  the  troop-ship  “  Earl  Grey,” 
saw  the  Southern  Cross  and  the  Pole  Star  at  midnight,  April 
19th,  in  23°  53'  lat.,  and  85°  46"  long.  Here  again  the  evi¬ 
dence  would  be  good,  were  it  not  that  Captain  Wilkins  wTas 
north  of  the  tropic  of  Cancer  on  the  19th  of  April, f  having  left 
St.  Helena  on  March  18th  (homeward  bound  from  the  Cape), 
and  sighted  the  “  Lizard  ”  on  May  10th;  therefore  (as  usual 
when  no  doubt  can  arise)  the  denomination  of  the  latitude,  as 
of  the  longitude,  was  omitted  in  the  report. 

An  examination  of  this  sort  affords  a  ready  means  of  deter¬ 
mining  whether  the  author  of  such  a  work  is  simply  ignorant, 
or  whether  (in  addition)  he  is  practising  on  the  assumed  igno¬ 
rance  and  credulity  of  his  readers. 

*  From  TrapaWacrcrco,  “  to  alter  a  little ,  esp.  for  the  worse” — Liddell  and  Scott. 

f  The  Southern  Cross  had  passed  the  meridian  about  an  hour  and  a  half  before 
the  time  of  observation,  and  the  whole  of  the  constellation  was  still  several  de¬ 
grees  above  the  horizon. 
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SCHULTZS*  S  ARTIFICIAL  DIATOMS. 

BY  HENRY  SLACK,  F.G.S., 

Member  of  the  Council  of  the  Microscopical  Society  of  London. 

The  Quarterly  Journal  of  Microscopical  Science  for  April,  1863, 
contained  an  abstract  of  a  paper  by  Professor  Max  Scbultze  on 
ff  tbe  structure  of  tbe  valyes  of  diatoms,  as  compared  with 
siliceous  pellicles  produced  by  the  decomposition  of  fluosilicic 
acid  in  moist  air.  I  do  not  propose  to  enter  upon  any  discus¬ 
sion  of  the  markings  of  diatom  valves,  but  to  suggest  to 
amateur  microscopists,  who  do  not  appear  to  have  taken  much 
notice  of  the  paper  in  question,  some  very  curious  and  inte¬ 
resting  experiments. 

The  numerous  readers  of  the  Intellectual  Observer  who  are 
well  acquainted  with  chemistry  will  excuse  my  beginning  with 
a  description  of  fluoride  of  silicon,  and  the  mode  of  obtaining 
it.  F luorine  is  put  down  in  the  chemist*  s  list  of  simple  sub¬ 
stances  that  is,  of  substances  which  have  not  been  decom¬ 
posed.  It  is  not  known  in  a  free  state,  but  from  its  behaviour 
m  compounds  it  is  usually  grouped  with  chlorine,  iodine,  and 
bromine.  “  These/'’  says  Dr.  Apjohn,  speaking  of  the  group, 

.  numerous  points  of  resemblance,  being  all  electro-negm- 
tive  in  a  high  degree,  bearing  strong  affinities  for  the  other 
metalloids  and  the  metals,  and  forming  with  them  chemical 
compounds  of  great  interest  and  importance,  analogous  in 

composition,  and  generally  possessed  of  very  similar  pro¬ 
perties. ^  1 

The  well-known  and  beautiful  mineral  fluor  spar  is  a  com¬ 
pound  of  fluorine  and  calcium,  the  metallic  basis  of  lime.  If 
we  take  some  fluor  spar,  or  fluoride  of  calcium,  and  pour 
sulphuric  acid  upon  it,  hydrofluoric  acid,  a  compound  of  hydro¬ 
gen  and  fluorine  escapes.  This  substance  is  a  rapid  solvent  of 
glass,  and  is  used  in  etching  on  that  material.  If  we  add  to 
the  powdered  fluor  spar  powdered  glass,  or  clean  white  sand 
chiefly  composed  of  silex,  part  of  the  silex  is  taken  up  by  the 
fluoric  acid  at  the  moment  of  its  formation,  and  the  result 
is  a  gas,  which  makes  white  cloudy  fumes  on  coming*  into 
contact  with  air  containing  moisture.  Silica,  found  pure  in 
clean  quartz,  and  nearly  so  in  flints,  is  a  compound  of  silicon 
and  oxygen,  and  is  also  called  silicic  acid .  Hence  the  com¬ 
pound  of  fluoric  acid  and  silicic  acid  is  called  fluoride  of 
silicon,  or  in  more  recent  nomenclature,  “  silicic  fluoride  A 

When  silicic  fluoride  comes  into  contact  with  water,  it  is 
decomposed,  and  deposits  one-third  of  its  silica,  the  other 
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two-thirds  remaining  in  combination  with  the  fluorine  and 
hydrogen.  The  silica  in  this  decomposition  will  be  deposited 
differently  according  to  the  circumstances  of  the  case.  To 
make  Schnitzels  artificial  diatoms  the  process  should  go  on 
slowly  and  gradually.  F or  this  purpose  I  have  found  the  fol¬ 
lowing  arrangement  very  convenient.  Take  two  six-ounce  and 
moderately  wide-mouthed  bottles,,  and  put  into  one  a  teaspoon¬ 
ful  of  powdered  fluor  spar,  and  about  the  same  quantity  of 
clean  silver  sand ;  pour  over  it  to  the  depth  of  an  inch  sulphuric 
acid,  and  stir  up  the  mixture  with  a  glass  rod.  Then  take  a 
tuft  of  cotton  wool  pulled  out  loosely,  wet  it,  and  put  it  as  a  loose 
stopper  in  the  mouth  of  the  bottle.  Fill  the  second  bottle  with 
plain  water;  take  some  lamp  cotton  as  thick  as  a  pencil. ;  drop 
one  end  into  the  water,  leaving  it  long  enough  to  go  to  the 
bottom  of  the  bottle.  Place  the  two  bottles  side  by  side  where 
they  will  not  be  disturbed,  and  put  the  other  end  of  the  lamp 
cotton  on  to  the  top  of  the  cotton  stopper  in  the  bottle  con¬ 
taining  the  chemical  ingredients.  Fluoride  of  silicon,  or 
silicic  fluoride,  will  slowly  rise  from  the  mixture,  and  on 
coming  into  contact  with  the  wet  cotton,  will  deposit  a  portion 
of  its  silica  in  vesicular  form.  The  lamp  cotton  will,  by  capillary 
action,  carry  water  from  the  bottle  in  which  one  end  is 
immersed  to  the  cotton  stopper,  and  keep  it  constantly 
moist. 

The  whole  arrangement  should  be  left  undisturbed  for  a 
day,  when  the  cotton  stopper  may  be  cautiously  removed,  and 
the  white  deposit  upon  its  threads  delicately  swept  on  to  a 
piece  of  blotting-paper.  When  it  is  quite  dry  it  is  ready  for 
examination.  The  cotton  may  be  replaced,  and  left  for  two  or 
three  days  or  more,  when  a  second  crop  can  be  removed. 

Care  must  be  taken,  in  examining  this  deposit,  not  to  let 
the  moisture  it  contains  come  into  contact  with  object-glasses, 
or  any  part  of  the  microscope,  as  it  corrodes  glass  with  great- 
rapidity.  When  quite  dry  it  may  be  viewed  under  a  low 
power,  as  an  opaque  object,  and  a  general  notion  of  the  mode 
of  deposition  will  be  obtained.  Some  of  it  should  then  be 
gently  crushed  on  a  slide,  under  a  thin  covering  glass, 
which  may  be  fastened  down  by  a  little  cement  at  the  edges. 
This  should  be  viewed  with  a  quarter  or  higher  powers,  when 
some  of  the  broken  vesicles  will  look  amazingly  like  fragments 
of  diatom  valves.  In  the  number  of  the  Quarterly  Journal  ofi 
Microscopical  Science ,  to  which  allusion  has  been  made,  several 
diagrams  are  given  of  the  patterns  Professor  Schultze  obtained, 
and  all  of  them,  and  many  more  will  be  easily  found  by  follow¬ 
ing  the  directions  given. 

I  will  describe  a  few  in  one  slide  as  viewed  under  a  mag¬ 
nification  of  1000  linear.  Some,  formed  most  quickly,  are 
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irregular,  while  the  better  specimens  are  quite  regular,  though 
diversified.  Here  I  find  one  fragment  exhibiting  round  bosses 
appearing,  under  the  magnification  specified,  one-tenth  of  an 
jnc  1  diameter,  and  regularly  grouped,  the  interspaces  being 
larger  than  the  bosses.  In  another  fragment  little  nodules 
or  bosses,  about  one  fifteen-thousandth  of  an  inch  in  diameter, 
are  widely  scattered,  and  in  another  similar  little  bosses,  about 
one  twenty-thousandth  of  an  inch  in  diameter,  are  closely  and 
symmetrically  arranged.  In  some  specimens  a  number  of  the 
larger  bosses  are  grouped  in  symmetrical  patterns,  and  each 
one  is  surrounded  by  much  smaller  protuberances,  equally 
symmetrical.  These  are  very  elegant  objects.  The  slide  also 
contains  tubular  fragments  of  vesicles,  like  sausage  skins,  with 
here  a  twist,  and  there  a  constriction.  Some  of  these  are  quite 
plain,  while  others  are  elegantly  marked.  Many  of  the  mark¬ 
ings  on  the  portions  of  vesicles  are  so  delicate  as  to  look  very 

fine  and  small  even  under  the  magnification  of  one  thousand 
linear. 

In  some  cases  large  hemispherical  bosses,  closely  grouned 
together  at  the  base,  exhibit,  when  in  focus,  a  hexagonal 
appearance  at  the  lines  of  contact,  and  a  concentric  structure 
is  visible  in  many  under  appropriate  illumination.  By  em¬ 
ploying  an  achromatic  condenser  and  a  central  stop,  some— at  a 
certain  focus  have  the  aspect  of  groups  of  eyes.  A  First  comes 
a  luminous  white  circle,  then  a  dark  one,  like  an  iris,  and  in 
the  centre  a  bright  spot  like  a  pupil. 

,  Close  examination  indicates  that  many  of  the  little  bosses 
which  look  like  hemispheres  are  in  reality  composite,  and  it  is 
common  to  find  little  mammilke,  or  rounded  projections,  on  the 
top  of  the  bosses.  In  some  cases  the  form  of  the  bosses  is 
irregular,  and  many  will  be  seen  composed  of  two  or  more 
individuals  stuck  together. 

In  the  paper  of  Max  Schultze  that  suggested  these  experi¬ 
ments,  it  is  said  that  these  patterns  are  not  due  to  a  crystal¬ 
line  structure,  and  several  reasons  are  adduced  for  this  belief. 
It  is  however,  certain  that  crystalline  deposits  in  the  form  of 
needles .  may  be  found  in  the  bottles  in  which  the  hydro- 
liuosilicic  acid  is  prepared,  and  miniature  quartz  crystals 
resulted  from  the  following  variation  of  the  experiment  : _ 

borne  fluor  spar  sand  and  sulphuric  acid  was  placed  in  a 
I  lorence  flask,  and  through  a  cork  inserted  in  its  mouth  a  bent 
tube  -was  inserted.  The  free  end  of  this  tube  was  immersed 
in  a  little  mercury  contained  in  a  small  evaporating  dish,  and 
as  the  gas  escaped  through  the  liquid  metal,  it  was  allowed 
to  blow  little  bubbles,  or  vesicles,  of  white  of  egg,  a  layer  of 
which  was  placed  over  the  mercury.  These  were  permitted 
o  cry  and  harden,  and  when  the  crushed  fragments  were 
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examined  numerous  quartz  crystals  were  observed,  rhomb o- 
liedra  and  six-sided  prisms,  many  imperfect,  and  some  adherent, 
so  as  to  form  crosses. 

In  another  experiment  made  by  the  writer,  a  little  mercury 
was  put  into  a  test  tube,  and  above  it  about  three  inches  of 
white  of  egg.  The  tube  discharging  the  silicic  -  fluoride  gas 
was  immersed  in  the  mercury,  and  as  the  gas  rose,  it  passed 
through  the  white  of  egg,  speedily  coagulating  it  to  the  con¬ 
sistence  of  thick  clotted  cream.  This  creamy  mass  was  then 
dried,  and  ignited  in  a  platina  crucible  over  a  Bunsen  burner, 
until  the  organic  matter  was  destroyed.  The  residue— very 
small  in  quantity — was  found  to  consist  of  silica,  in  a  vesicular 
state.  In  some  cases  the  walls  of  the  vesicles  were  so  thin  as 
to  give  rainbow  colours  when  light  was  thrown  on  them,  or 
slantingly  through  them.  No  crystals  were  formed  in  this 
experiment. 


REGISTRATION  OF  COINS. 

Those  who  are  curious  in  regard  to  such  comparatively  small 
matters,  and  numismatists  generally,  will  have  observed  that 
all  the  gold  and  silver  coins  above  the  value  of  the  threepenny 
piece  issued  from  the  British  Mint  during  the  last  two  years 
have  one  or  more  small  numerical  figures  imprinted  upon 
their  surfaces,  immediately  over  the  date.  The  object  of  this 
rather  singular  arrangement  has  given  rise  to  a  considerable 
amount  of  speculation,  and  many  letters  of  inquiry  have,  we 
believe,  been  addressed  to  the  Mint  authorities  as  to  the  real 
motive  of  the  innovation.  Having  ourselves  obtained,  from 
the  best  source,  the  true  reason  assigned  for  stamping  num¬ 
bers  on  the  coins  of  the  realm,  we  have  this  month  the 
satisfaction  of  conveying  a  similar  amount  of  enlightenment  to 
the  public. 

It  is  done  with  a  view  to  identifying  the  particular  die  by 
which  each  individual  piece  of  money  was  struck,  the  parti¬ 
cular  press  at  which  the  latter  received  its  impressions,  the  day 
on  which  it  came  into  existence,  and  the  name  of  the  press- 
attendant  under  whose  agency  it  was  born.  Thus,  if  a  de¬ 
fective  coin,  which  had  escaped  the  vigilant  and  scrutinizing 
eye  of  the  examiner  at  the  Mint,  and  passed  out  into  the 
channels  of  general  circulation,  were  subsequently  discovered 
— no  matter  how  long  after  its  issue — it  would  be  possible,  by 
a  reference  to  Mint  records,  to  establish  its  identity,  and  to 
fix  the  responsibility  for  its  defect  upon  the  unhappy  wight 
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wlio  managed  the  machine  which  stamped  it  into  being*. 
What  the  punishment  attached  to  the  offence  may  bo  we 
know  not,  for  that,  no  doubt,  would  be  made  to  depend  upon 
the  presence  or  absence  of  extenuating  circumstances,  and  the 
leniency  or  otherwise  of  Mint  officials. 

The  mode  of  effecting  the  registration  we  shall  now 
endeavour  to  explain — one  kind  of  coin  being  taken  as  an 
illustration  of  the  rule  applied  to  the  whole  of  the  denomina¬ 
tions  of  money  systematically  numbered.  Let  it  bo  supposed, 
for  example,  that  the  Mint  is  about  to  inaugurate  a  coinag*e  of 
sovereigns  for  the  year  1866,  and  that  it  has  been  determined 
to  establish  in  perpetuity,  and  by  official  documentary 
evidence,  the  birthday  of  each  individual  coin — the  date  itself 
notifying  the  year  of  its  production.  Then  the  first  step  after 
the  reception  of  the  precious  metal  from  the  Bank  of  England, 
will,  be  the  preparation  of  dies.  Each  of  these,  after  receiving 
its  impression  at  the  hands  of  the  Die  Multiplier,  and  while 
yet  in  its  annealed  and  plastic  state,  is  returned  to  the  En¬ 
graver  for  numbering.  On  the  first  die  which  reaches  him  he 
imprints,  by  means  of  punch  and  hammer,  the  figure  one ; 
on  the  second,  figure  two  ;  on  the  third,  figure  three ;  on  the 
fourth,  four ;  and  so  on  up  to  twenty,  thirty,  or  more,  as  it 
may  happen.  The  whole  are  afterwards  hardened,  tempered, 
and  polished,  and  then  transmitted  to  the  coin-stamping  room. 
Here  they  are  received  by  the  officer  in  charge.  Under  his 
direction,  die  Ho.  1  wrill  be  affixed,  with  its  companion  ob¬ 
verse,  say  to  press  Ho.  4,  at  nine  in  the  morning,  on  the  16th 
of  July;  die  Ho.  2  to  press  Ho.  5;  Ho.  3  to  press  Ho.  6,  and 
so  on  R.  M. ;  J.  fe.  ;  W.  R. ;  T.  EC.,  etc.,  being  the  initials 
of  the  respective  youths  attending  the  presses.  All  these 
facts  are  recorded  by  the  Superintendent  of  the  Department 
on  a  tabular  form  provided  for  the  purpose.  The  presses  are 
then  made  to  commence  their  money-making  careers  for  the 
day ;  and,  blanks  of  gold  being  supplied  ad  libitum,  they 
continue,  so  long*  as  the  dies  remain  uninjured,  to  give  forth 
numbered  sovereigns  in  large  quantities.  It  is  possible, 
indeed,  that  the  numbers  on  the  dies  may  be  reproduced  to 
the  extent  of  25,000  or  30,000  on  the  surfaces  of  the  coins 
yielded  by  each  press.  When  either  of  the  dies  fails  by 
cracking  or  becoming  otherwise  defaced,  it  is  at  once  removed, 
and  its  place  is  filled  by  another,  the  like  particulars  in 
reference  to.  which  are  duly  entered,  as  before,  in  the  journal 
of  registration. 

As  a  general  rule,  no  pair  of  dies  lasts  longer  than  a  single 
day  in  a  Mint  coining-machine,  and  it  may  be  fairly  supposed 
that  those  of  which  we  have  spoken  as  eng’aged  in  stamping 
gold  coins  on  the  suppositious  16th  instant,  will  not  outlive 
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that  period.  They  will  therefore  all  be  removed  at  its  close,, 
their  vacant  positions  being  occupied  by  others  bearing  con¬ 
secutive  numbers,  and  of  which  the  same  careful  notes  will  be 
taken.  Thus  day  after  day  throughout  the  remainder  of  the 
year  the  work  of  numbering,  registering,  and  stamping  may 
go  on,  and  the  birth,  parentage,  and  education  of  each  piece 
of  money  be  accurately  recorded.  The  coinage  of  every  year 
is  made  distinctly  identifiable  by  the  date,  and  therefore  the 
first  die  for  each  denomination  of  coin  used  in  each  year  is 
marked  as  No.  1,  and  sequitur  in  due  order. 

Such  are  the  arrangements  for  effecting  the  registration  of 
the  coinage  of  the  realm  as  at  present  put  in  force  at  Her 
Majesty’s  Mint — whether  usefully  so  or  not  is  another  question. 
To  us  there  seems  to  be  some  practical  objections  to  the  pro¬ 
cess,  however  in  theory  it  may  seem  ingenious  and  serviceable. 
Surely  it  must  be  very  difficult  for  a  press-boy — unless  Argus- 
eyed — to  examine  with  any  care  the  surfaces  of  pieces  of  money 
which  are  struck  off  from  his  machine  at  the  rate  of  seventy 
per  minute,  and  which  accumulate  with  astounding  rapidity  in 
the  catch-pan  below,  he  having  the  press  to  feed  and  keep  in 
order  during  its  working.  Equally  puzzling'  must  be  the  task 
of  examining  the  dies  between  each  stroke  of  the  press  ! 
Would  it  be  just  to  punish  or  blame  a  youth  for  the  non- 
fulfilment  of  an  impossible  duty  ?  Great  care  of  course  is 
necessary  in  the  performance  of  the  delicate  task  of  creating 
sovereigns  or  shillings,  but  it  can  only  be  effectually  exercised 
by  a  judicious  division  of  labour.  No  one  person  can  be  justly 
made  responsible  for  the  commission  of  a  fault,  unless  he  have 
the  power  to  prevent  its  occurrence.  As  in  printing  the  sheets 
of  periodicals  and  newspapers,  a  certain  percentage  of  them 
is  damaged  and  wasted,  so  is  it  in  the  rapid  stamping  of  coins 
by  steam  machinery.  The  greatest  diligence  on  the  part  of 
press  attendants  will  not  prevent  this  inevitable  result,  and  the 
true  remedy  for  it  lies  in  the  subsequent  elimination  of  soiled 
or  defective  specimens  by  the  aid  of  the  searching  eye  and 
quick  hand  of  a  numismatic  critic  or  inspector  of  coins — at 
least,  that  is  our  deliberate  opinion.  Herein  lies  one  of  the 
weak  points  pertaining  to  the  system  of  coin  numbering. 
Outside  the  walls  of  the  Mint  that  system  can  be  of  no  service 
whatever.  It  certainly  is  of  little  moment  to  the  public  whether 
the  coins  jingling  merrily  in  their  pockets,  or  glistening  cheer¬ 
fully  in  their  jporte-monnaies,  were  struck  off  in  the  month  of 
May,  June,  or  August,  in  the  forenoon  or  afternoon  of  any 
particular  day,  or  whether  the  machine  which  communicated 
their  images  and  superscriptions  were,  for  the  time  being, 
under  the  care  of  Master  Tom  Stiles  or  Master  Jack  Nokes. 

That  the  coinage  of  the  realm  should  be  as  near  perfection 
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as  it  can  be  made,  is  true,  but  we  fail  to  see  that  the  addition 
of  two  or  three  figures  to  the  devices  which  so  richly  ornament 
the  various  denominations,  advances  it  one  stage  nearer  that 
point,  or  answers  any  really  useful  end. 


COTTA  ON  ROCKS.* 

Professor  Cotta  tells  us  in  a  preface  that  the  present  English 
version  of  his  work  on  rocks  may  be  regarded  as  its  third 
edition,  the  modifications  and  alterations  having  all  been  made 
with  his  concurrence. 

It  is  a  very  valuable  work,  and  although  we  could  have 
wished  that  a  more  elaborate  account  had  been  given  of 
chemical  researches  and  synthetical  experiments,  elucidating 
the  probable  origin  of  many  rocks,  such  a  course  would  have 
greatly  extended  the  bulk  of  the  volume,  which  is  now  compact 
enough  and  cheap  enough  to  answer  the  purpose  of  a  general 
manual  for  students. 

After  some  chapters  on  the  minerals  entering  into  the 
composition  of  rocks, f  Professor  Cotta  enters  upon  the 
question  of  texture ,  And  points  out  that  all  rocks  may  be 
divided  into  two  principal  classes,  granular  and  compact.  “  The 
word  granular  is,  however,  usually  only  applied  when  the 
different  mineral  parts  are  all  of  a  granular  shape,  of  nearly 
the  same  size,  and  are  crystallized  into  each  other."  Rocks 
composed  of  grains,  pebbles,  or  fragments  mechanically  ce¬ 
mented  together,  may  be  arenaceous ,  as  sandstones;  conglo¬ 
merates, ,  in  which  more  or  less  rounded  masses  much  bigger 
than  grains,  are  caused  to  adhere  by  some  natural  mortar  or 
cement ;  or  breccias,  in  which  the  fragments  are  angular.  “  The 
term  compact  is  usually  only  applied  to  a  rock  when  its  par¬ 
ticles  adhere  firmly  and  closely  together  (without  being  fused 
into  one  mass  like  glass)  ."  A  loose  friable  condition  is  termed 
earthy,  and  a  fused  one  vitreous,  or  opalescent,  as  the  properties 
designated  by  those  terms  may  be  exhibited.  Every  rock, 
according  to  Professor  Cotta's  nomenclature,  must  be  either 
granular  or  compact,  using  both  terms  in  a  wide  sense.  The 
granular  series  may  be  any  rocks,  fine,  or  coarse,  in  which  the 
individual  component  parts  are  recognizable,  while  in  compact 

*  Roclcs  Classified  and  Described :  A  Treatise  on  Lithology,  by  Bernhard 
von  Cotta.  An  English  Edition  by  Philip  Henry  Lawrence,  with  English, 
German,  and  French  Synonymes.  Revised  by  the  author.  Longmans. 

t  It  is  necessary  to  remind  readers  unacquainted  with  geology  that  in 
technical  use  the  word  roclc  comprehends  all  sorts  of  natural  formation. 
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rocks  no  such,  distinction  of  individual  parts  can  be  observed. 
The  texture  of  a  rock  is  termed  porphyritic,  when  distinct 
crystals  or  crystalline  particles  are  distributed  through  an 
otherwise  compact  principal  mass  or  matrix.  Schistose  (foli¬ 
ated),  slaty  (cleaved),  slialy  (laminated),  and  fissile  are  terms 
expressive  of  different  sorts  of  parallel  structure,  and  will  be 
easily  understood.  Mr.  Jukes  says,  “  When  we  wish  to  be 
precise  we  speak  of  the  foliation  of  schist,  the  cleavage  of 
slate,  and  the  lamination  of  shale  A 

With  reference  to  slaty  cleavage  Professor  Cotta  dissents 
from  Poulet  Scrope's  conjecture  that  it  may  have  arisen  from 
friction  of  some  kind,  nor  does  he  agree  with  those  who 
ascribe  it  to  a  crystalline  action,  but  he  accepts  the  views  of 
Sharpe,  Haughton,  Sorby,  and  Tyndall,  that  when  not  iden¬ 
tical  with  stratification,  it  has,  in  most  cases,  been  caused  by 
pressure  at  right  angles  to  the  cleavage  plane  applied  to  the 
rock  during  or  after  its  formation. 

To  give  definite  meanings  to  vesicular,  s coriaceous ,  and  pnmi- 
ceous,  the  first  will  be  restricted  to  cases  in  which  the  vesicles 
are  isolated ;  the  second  to  instances  in  which  they  occupy  a 
space  equal  to  the  solid  part  of  the  rock ;  and  the  third  to  cases 
in  which  the  hollow  parts  predominate  over  the  solid.  A  rock 
is  said  to  be  arnygdaloidal  when  the  vesicular  cavities  are  filled 
either  entirely  or  in  part  with  new  mineral  substances.  The 
filling  in  of  these  cavities  is  always  a  process  subsequent  to 
the  formation  of  the  rock  A  The  Professor  adds,  te  W  e  infer 
from  all  the  attendant  circumstances  that  the  formation  of 
those  amygdaloids  must  have  been  a  very  slow  process.  .  .  . 
Hence  we  may  explain  the  fact  that  the  most  recent  of  all 
igneous  rocks,  the  lavas,  although  they  are  very  often  vesicular, 
are  never  amygdaloid.  Hence  the  frequency  and  completeness 
of  the  filling  up  of  the  cavities  increases  almost  in  direct  ratio 
with*  the  age  of  the  rock  A  It  is  observed  that  igneous  rocks 
rich  in  silica  are  not  only  less  frequently  vesicular,  but  that 
when  the  vesicles  occur  they  are  less  frequently  filled  up, 
(C  which  probably  arises  from  their  containing’ fewer  soluble  sub¬ 
stances  adapted  to  the  formation  of  amygdaloids,  in  particular 
less  lime  and  magnesiaA  Oolitic  texture  belongs  to  certain 
limestones  and  iron  stones,  formed  by  the  conglomeration  of 
rounded  or  egg  shaped  bodies  which  may  be  very  small,  or 
like  peas  ( pisolitic )  in  pea  stone.  The  term  nodular  needs  no 
explanation,  and  Mr.  Dana^s  term  spheruhtic  is  applied  to  some- 
igneous  rocks  exhibiting  pearl-like  globules. 

Pocks  are  placed  in  three  great  divisions — igneous,  meta- 
morphic  crystalline  schists,  and  sedimentary.  It  is  of  those  in 
the  first  division  only  that  we  now  propose  to  speak.  The 
igneous  rocks  may  be  volcanic — that  is,  erupted  rocks,  which 
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have  manifestly  been  in  a  state  of  fusion,  and  which  have 
solidified  at  the  surface  of  the  earth — or  plutonic.  In  the 
latter  case,  “  their  former  state  of  fusion  is  not  so  clearly 
evident;  indeed,  we  occasionally  find  their  composition,  their 
bedding,  or  their  relative  position  with  other  formations,  in 
apparent  contradiction  to  their  assumed  origin.  It  is  supposed 
that  these  became  solid  at  a  considerable  depth,  some  of  them 
possibly  having  been  poured  out  in  a  state  of  fusion,  like  lava, 
but  in  the  interior  of  the  earth  without  reaching  the  surface, 
and  consequently  that  their  consolidation  took  place  under 
very  high  pressure,  and  more  slowly  than  in  the  case  of  the 
volcanic  rocks."” 

Professor  Cotta  accepts  the  division  of  igneous  into  basic 
and  acidic,  as  referring  to  important  facts,  but  he  rejects  the 
special  theories  connected  therewith  put  forth  by  V on  Richthofen 
and  Durochet,*  and  somewhat  hastily  adopted  by  Professor 
Haughton  in  his  Manual  of  Geology.  Basic  rocks  are  poor  in 
silica  ;  acidic  rocks  rich  in  that  important  compound.  Basic  rocks 
contain  from  forty-five  to  fifty  per  cent,  of  silica,  acidic  rocks 
from  sixty  to  eighty.  “But,”  as  the  Professor  remarks,  “the 
limits  are  sometimes  overstepped  on  either  side,  and  there  are 
igneous  rocks  which  we  cannot,  with  mere  reference  to  their 
chemical  composition,  reckon  in  either  group,  and  which  in 
fact  entirely  fill  up  and  annihilate  the  assumed  gap  between 
the  two  in  respect  of  the  content  of  silica.”  The  acidic  rocks, 
or  those  containing  the  greatest  amount  of  silica,  are  specifically 
lighter  than  the  basic  rocks;  and  hence  arose  the  notion  that 
the  distinction  between  them  may  be  dated  back  to  the  time 
when  the  earth! s  crust  began  to  solidify,  and  the  lightest 
portion  of  the  fused  matter,  being  nearest  to  the  surface, 
cooled  first.  This  may  be  so,  but  facts  do  not  justify  the 
inference  that  has  been  drawn  by  some  geologists,  that  all 
acidic  rocks  are  older  than  the  basic.  Professor  Cotta  tells  us 
that  “  every  geological  age  has  produced  acidic  as  well  as 
basic  —  specifically  light,  and  specifically  heavy,  igneous 
rocks.  When  syenite  and  granite  occur  together,  it  is  most 
usually  the  case  that  the  basic  syenite  is  older  than  the  acidic 
granite.  The  basic  porphyries  in  the  Thuringian  Forest  and 
the  Erzgebirge  are,  on  the  average,  older  than  the  acidic 
porphyries,  which  belong  to  the  same  great  period.  The 
trachytic  porphyries  belong  to  the  most  acidic,  and  yet  fre¬ 
quently  to  the  most  recent  eruptive  rocks.” 

The  following  passage  is  highly  important : — “Neverthe- 

*  Chemists  speak  of  salts  as  composed  of  acids  united  to  bases.  The  term 
basic  indicates  a  predominance  of  the  base,  while  the  contrary  is  meant  by  acidic. 
Silica  is  reckoned  among  the  acids,  being  composed  of  silicon  and  oxygen,  and 
forming  salts  with  bases  from  lime,  etc. 
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less,  we  are  not  of  opinion  that  the  theory  of  an  arrangement 
of  substances,  according  to  their  specific  gravity,  should  be 
disregarded  as  entirely  unworthy  of  serious  attention.  Specific 
gravity  may  and  probably  has  had  a  certain  influence  in  the 
first  arrangement  of  rock  masses ;  and  if  we  are  now  unable 
to  trace  a  consistent  arrangement  deducible  from  the  laws 
of  specific  gravity,  it  may  be  only  because  those  traces 
have,  to  a  certain  extent,  been  subsequently  effaced  by  other 
circumstances  which  we  have  not  yet  discovered.  A  primary 
crust  formed  by  cooling-,  and  the  first  sedimentary  deposits 
resulting  from  the  decay  of  that  first  crust,  may  well  have  been 
preeminently  rich  in  silica ;  more  especially  if,  at  the  time  of 
those  sedimentary  deposits,  animal  lifer  had  not  begun  to  act  on 
the  calcareous  water,  to  cause  a  re- deposit  of  the  dissolved  lime 
in  large  masses.  If  this  primary  portion  of  the  ear  this  crust 
should,  at  a  later  date,  have  been  subjected  to  a  second  process 
of  fusion  under  high  pressure,  at  a  considerable  depth,  if  may 
have  become  partially  eruptive,  and  have  produced  recent 
rocks  very  rich  in  silica,  and  of  a  very  uniform  chemical  com¬ 
position.  W' e  may,  in  fact,  reasoning  from  analogy  to  the 
meteoric  stones,  ivhich  represent  to  us  the  small  planetary 
bodies  of  our  solar  system,  believe  the  aggregate  of  the  earth's 
mass  to  be  far  more  strongly  basic  than  that  part  of  it  which 
is  open  to  our  observation.” 

In  applying  the  term  “  igneous”  to  rocks.  Professor  Cotta 
by  no  means  excludes,  in  all  cases,  the  conjoint  action  of 
water,  and  he  accepts  the  appellation  of  hydro-igneous”  as 
applicable  to  such  cases.  Upon  the  moot  question  of  the 
formation  of  granite,  he  does  not  consider  the  arguments 
against  its  igneous  origin  as  conclusive.  The  different  degrees  . 
of  fusibility  of  felspar,  quartz,  and  mica,  when  taken  sepa¬ 
rately,  he  contends  may  be  much  modified  by  their  mixture. 
He  refers  to  experiments  of  Durochet  to  show  that  in  the 
compact  rock  petrosilex,  whose  composition  is  often  the 
same  as  that  of  granite,  the  quartz  is  found  to  be  as  readily 
fusible  as  felspar  alone,  and  he  concludes  that  when  such  a 
mass  cooled,  the  quartz  would  not  necessarily  solidify  first,  and 
separate  itself  from  the  felspar,  and  he  fortifies  his  opinion  by 
other  experiments  of  Bunsen,  who  has  shown  that  the  melting 
and  solidifying  points  of  a  mineral,  taken  singly,  by  no  means 
determine  those  of  an  intimate  compound,  or  alloy  of  such 
minerals  with  other  minerals.  With  regard  to  the  presence 
of  water  in  granite,  he  refers  to  Daubreels  having  shown  that 
under  great  pressure,  at  a  high  degree  of  temperature,  water 
may  be  made  to  combine  chemically  with  mineral  matter. 

Although  volcanic  action  must,  in  all  probability  have 
been  violent  and  frequent  in  early  ages  of  the  earth/s  formation. 
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the  volcanic  outpourings  that  we  are  acquainted  with  are  “of 
comparatively  recent  date,  and  probably  no  ancient  ones  are 
now  existing :  for  the  most  part  they  have  decayed  awa y.” 
Enormous  periods  must  have  elapsed  since  the  solidification  of 
the  earth's  crust  took  place,  and  the  conclusion  of  Professor 
Cotta  is  one  that  has  been  frequently  advocated  in  our  pages, 
that  “  there  seems  nothing  left  for  us  in  the  present  state  of 
our  knowledge  but  to  assume  that  the  greater  part  of  the  first 
crust,  having  become  very  thickly  covered  with  deposits,  has 
been  gradually  re-melted,  and  become  eruptive,  perhaps  in  the 
form  of  granite.  There  is  indeed  no  reason  why  the  same 
fate  should  not  have  been  shared  by  the  oldest  rocks  of 
deposit,  and  thus  it  may  be  that  the  chronological  starting 
point  of  geological  development  has  been  frequently  effaced, 
and  become  altogether  uncertain."” 

Without  following  Professor  Cotta  through  other  portions 
of  his  treatise,  we  may  express  a  high  opinion  of  its  value,  and 
also  congratulate  his  translator  and  editor  on  the  efficient  per¬ 
formance  of  his  task. 


ANIMAL  FORCE  AND  ANIMAL  FOOD. 

BY  J.  BROUGHTON,  B.SC. 

Until  the  last  twenty  years,  it  was  generally  held  that  the 
phenomena  of  animal  life  presented  a  totally  different  set  of 
conditions  to  those  occurring  among  lifeless  matter.  The  in¬ 
variability  of  the  action  of  the  various  forces  which  are  con¬ 
stantly  producing  changes  in  the  inanimate  world,  was  supposed 
to  be  completely  altered  by  the  presence  of  life.  This  altera¬ 
tion  in  the  ordinary  sequence  of  physical  causes  and  effects  was 
attributed  to  the  operation  of  an  occult  power,  to  which  the 
name  of  vital  force  was  given.  This  agent  was  accordingly 
supposed  to  exert  a  sort  of  directive  agency,  by  means  of  which 
the  ordinary  operations  of  the  forces  of  matter  were  suspended 
or  modified,  and  effects  were  produced  of  a  different  character 
to  those  observed  out  of  animate  bodies.  It  was  also  to  this 
agent  that  the  power  of  voluntary  motion,  and  the  exertion  of 
internal  and  external  mechanical  forces,  was  more  particularly 
ascribed,  this  power  of  voluntary  motion  being*  the  property 
which  forms  the  main  distinction  between  an  animal  and  a 
plant.  It  is  not,  indeed,  strange,  that  this  remarkable  faculty 
we  possess  of  making  our  movements  obey  our  will,  or  of  ex- 
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erting  upon  external  objects  the  force  of  our  bodies,  should 
have  furnished  a  subject  for  the  wonder  of  all  thoughtful  minds, 
and  that  a  special  cause  should  have  been  assumed  by  way  of 
explanation.  Nor,  indeed,  is  the  wonder  at  all  diminished  at 
the  present  time  bj7  our  better  understanding  of  the  true  causes, 
and  of  the  modes  in  which  they  operate. 

Of  late  years,  the  special  character  of  the  vital  force  has 
found  but  little  support  from  the  laborious  results  of  those 
engaged  in  investigating  the  processes  that  take  place  in  the 
bodies  of  animals.  Indeed,  it  is  apparent  at  first  sight  that 
the  physical  forces  affect  living  bodies  just  as  they  do  every¬ 
thing  else.  The  weight  of  all  the  parts  shows  the  influence 
of  the  force  of  gravity ;  and  the  laws  of  hydrodynamics,  of 
heat,  and  of  light,  find  rather  favourable  illustrations  among 
the  various  internal  phenomena.  The  same  is  found  to  be 
equally  the  case  in  the  chemical  processes  of  digestion  and 
assimilation,  which,  as  far  as  they  are  known,  do  not  essentially 
differ  from  the  similar  processes  that  can  be  carried  on  without 
the  body.  Again,  the  bodies  of  animals  have  often  been  com¬ 
pared  to  furnaces,  of  which  food  forms  the  fuel.  The  latter 
has  to  be  supplied  at  tolerably  regular  intervals,  varying 
according  to  the  nature  of  the  animal,  and  the  construction  of 
his  internal  apparatus  of  assimilation,  and  is  there  made  to 
undergo  various  changes  which  finally  result  in  its  combustion. 
Notwithstanding  that  this  comparison  is  a  sufficiently  crude  and 
inaccurate  one,  it  expresses  the  gross  results  tolerably  correctly. 
As  far  as  the  final  result  of  the  various  metamorphoses  of  the 
food  are  concerned,  it  is  really  consumed  in  the  body.  Both 
in  the  fuel  of  the  furnace  and  the  food  of  the  body,  the  carbon 
is  combined  with  oxygen  to  form  carbonic  acid,  and  with  the 
hydrogen  to  form  water ;  while  in  both  cases  some  of  the  fuel 
escapes  consumption,  and  is  expelled  along  with  the  incom¬ 
bustible  salts.  But,  on  the  other  hand,  while  the  furnace 
allows  the  nitrogen  of  the  fuel  to  escape  in  an  uncombined 
form,  the  body  excretes  it  in  the  form  of  urea,  a  crystalline 
substance  peculiar  to  the  animal  body.  If  we  push  the  analogy 
still  further,  and  determine  the  heat  produced  by  this  process 
of  internal  oxidation,  we  find  the  comparison  still  to  hold  good. 
Not  only  is  heat  given  out  in  both  cases,  but  it  is  actually  the 
same  in  amount.  The  experiments  of  Dulong  and  Depretx 
have  shown  that  the  same  amount  of  heat  is  given  out  from 
the  body  of  a  living  animal  as  its  food  would  produce  when 
submitted  to  combustion  in  oxygen. 

In  1842,  Liebig,  by  considering  the  nature  of  the  tissues 
and  the  various  phenomena  of  nutrition,  respiration,  and  motion 
occurring  therein,  and  applying  the  known  laws  of  chemistry 
to  their  explanation,  showed  the  comparative  simplicity  which 
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really  underlies  the  complexity  of  most  physiological  processes. 
In  his  great  work  on  Animal  Chemistry ,  he  showed  the  identity 
in  chemical  composition  between  the  muscular  substance  and 
the  nitrogenous  constituents  of  the  food.  He  also,  as  is  well 
known,  divides  the  various  kinds  of  food  into  two  great  classes, 
namely,  those  which  contain  nitrogen,  and  serve  for  the  building 
up  of  the  muscular  tissues,  and  those  destitute  of  nitrogen,  as 
starch,  fat,  etc.,  whose  use  is  limited  to  the  production  of  animal 
heat.  These  two  classes  he  named  flesh-formers  and  heat- 
givers  respectively.  In  the  same  work  he  considers  fully  the 
subject  of  animal  motion.  Respecting  this  he  teaches  that  the 
source  of  the  muscular  force  of  animals  is  the  combustion  of 
the  living  muscles  by  means  of  the  oxygen  conveyed  to  them 
by  the  blood,  and  that  consequently  every  motion,  however 
Slight,  is  the  cause  of  the  destruction  of  a  certain  amount  of 
muscle,  and  the  liberation  of  its  (so-called)  vital  force.* 

The  final  product  of  this  destruction  of  the  muscular  sub¬ 
stance  is  urea,  which  passes  into  the  blood,  and  is  extracted 
from  thence  by  the  kidneys.  Therefore,  if  the  above  explana¬ 
tion  be  true,  the  amount  of  urea  given  out  should  indicate 
exactly  how  much  muscle  is  consumed ;  and  a  man  working 
hard  ought  to  produce  much  more  urea  than  one  at  rest,  since, 
by  reason  of  the  great  expenditure  of  force,  a  larger  amount  of 
muscle  is  burnt.  The  experimental  proof  of  this  was,  however, 
very  difficult  to  give,  since  the  amount  of  urea  excreted  also 
varies,  to  a  certain  extent,  with  the  amount  of  “  flesh- formers” 
supplied  in  the  diet.  Notwithstanding  this  failure  of  direct 
evidence,  the  explanation  of  Liebig  has  been  generally  held  to 
be  the  true  one,  and  up  to  the  present  time  the  source  of  animal 
force  has  been  believed  to  be  the  oxidation  of  the  living 
muscles. 

But  of  late  years  the  subject  of  the  muscular  movements  of 
animals  has  been  placed  in  a  new  light  by  the  now  well-known 
relations  of  the  forces  of  heat  and  mechanical  energy.  By  the 
doctrine  of  the  conservation  of  force,  we  know  that,  whatever 
may  be  the  proximate  source  of  the  force  of  the  muscles,  it 
must  be  attended  with  a  disappearance  of  heat  from  the  body. 
It  is  from  considerations  founded  on  this  equivalency  of  heat 
and  mechanical  force  that  much  of  our  more  recently  acquired 
knowledge  of  animal  dynamics  is  derived.  Thus  Helmholtz 
has  shown  that,  considered  simply  in  the  light  of  a  machine 
for  the  conversion  of  heat  into  force,  the  human  body  surpasses 
the  best  steam-engine  that  has  ever  been  constructed.  Of  the 
total  heat  given  out  by  the  combustion  of  the  food,  a  man  can 
make  a  fifth  available  in  the  form  of  actual  work,  while  it  has 
never  been  found  possible  to  construct  a  steam-engine  that 
#  Animal  Chemistry,  second  edition,  p.  220,  et  seq. 
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could  utilize  more  than  a  ninth  of  the  energy  of  the  fuel  burnt 
under  the  boiler. 

But  in  addition  to  this  external  work,  the  body  has  con¬ 
stantly  to  perform  a  vast  amount  of  work  in  order  to  sustain 
the  life.  There  is  the  blood  to  be  kept  circulating  and  urged 
through  the  lungs  and  capillaries ;  the  chest  and  diaphragm 
have  to  be  raised  for  the  purpose  of  breathing  ;  digestion  has 
to  be  carried  on  and  the  body  kept  erect — all  these  consuming 
energy.  It  has  been  determined  that  the  heart,  contracting  at 
the  rate  of  seventy-five  pulsations  to  the  minute  during  the 
twenty-four  hours,  performs  an  amount  of  work  equivalent  to 
raising  a  hundred- weight  to  the  height  of  4463  feet.  The 
work  of  breathing  has  been  estimated  by  Fick  to  be  about 
equal  to  raising  the  same  weight  to  the  height  of  703  feet. 
The  other  sources  of  internal  work  have  not  yet  been  esti¬ 
mated,  but  it  is  quite  evident  that  the  amount  of  labour  the 
laziest  of  us  perform  is  very  great. 

It  is  indeed  of  the  greatest  importance  to  physiology  that 
the  real  source  of  muscular  power  should  be  discovered.  If  it 
be  derived,  as  Liebig  and  most  subsequent  physiologists  have 
believed,  from  the  living  muscles,  then  it  naturally  follows  that 
the  main  food  of  a  working  man  should  be  those  substances 
which  alone  can  produce  muscle,  and  should  consist  of  flesh  - 
formers.  The  question  is  to  determine  whether  the  muscle  is 
merely  the  apparatus  by  which  animal  motion  is  produced,  or 
whether  it  furnishes  both  the  apparatus  and  the  force  to  work 
it.  The  difficulties  in  the  way  of  a  resolution  of  this  question 
are  very  considerable,  and  it  is  only  lately  that  it  has  been 
attacked  by  direct  experiment.  The  recent  researches  of 
Dr.  E.  Smith  and  the  Bev.  Prof.  Haughton  appear,  however,  to 
throw  considerable  doubt  on  the  received  theory ;  and  within 
the  last  few  months  a  crucial  experiment  has  been  made  in 
Switzerland  by  Drs.  Fick  and  Wislicenus,  Professors  of  Physi¬ 
ology  and  Chemistry  at  Zurich  University.  Still  more  lately, 
additional  experimental  data  have  been  furnished  by  Professor 
Frankland,  wdio  gave,  on  the  8th  of  June  last,  a  complete 
discussion  of  the  whole  question  at  the  Iioyal  Institution. 

In  order  to  solve  this  problem  by  experiment,  there  are 
three  things  necessary  to  be  determined.  First,  the  amount 
of  force  or  energy  generated  by  the  oxidation  of  a  given 
amount  of  muscle  in  the  body ;  secondly,  the  amount  of 
mechanical  force  exercised  by  the  muscles  of  the  body  during 
a  given  time  ;  thirdly,  the  quantity  of  muscle  oxidised  in  the 
body  during  the  same  time. 

Now  it  follows  that  if  the  amount  of  mechanical  force 
exercised  by  the  muscles  be  greater  than  the  amount  of  their 
substance  oxidised  could  possibly  furnish,  then  it  is  evident  that 
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the  force  of  the  muscles  is  not  exclusively  derived  from  their 
own  substance. 

When  muscle  is  consumed  in  the  body,  the  whole  of  its 
nitrogen  appears  in  the  urine,  principally  in  the  form  of  urea. 
Hence  it  follows  that  the  amount  of  energy  derived  from  the 
oxidation  of  muscle  in  the  body  will  be  expressed  by  the  heat 
of  combustion  of  the  muscle  itself,  minus  the  heat  of  com¬ 
bustion  of  that  amount  of  urea  which  the  muscle  would  furnish 
when  consumed  in  the  body.  This  difference  of  heats  was 
determined  by  Frankland,  who  found  that  to  convert  one 
gramme  of  dry  muscle  into  urea,  as  much  heat  was  evolved  as 
would,  when  converted  into  mechanical  force,  be  sufficient  to 
raise  a  hundred-weight  to  the  height  of  182  feet. 

The  second  of  the  required  data — viz,,  the  actual  work  per¬ 
formed  in  a  given  time  by  the  muscles — was  ingeniously  deter¬ 
mined  by  Tick  and  Wislicenus  by  the  elevation  of  the  body 
itself.  For  this  purpose  they  ascended  the  Faulhorn,  a  moun¬ 
tain  of  the  Bernese  Alps,  6560  feet  high,  near  the  lake  of 
Bnenz,  whose  regular  slopes  rendered  it  well  adapted  for 
their  experiment.  The  height  of  the  mountain,  multiplied  by 
the  weight  of  the  body  of  each  experimenter,  gave  the  amount 
of  external  work  performed,  and  to  this  was  added  the  esti¬ 
mated  internal  work  of  the  circulation  and  respiration. 

The  third  datum — the  amount  of  muscle  consumed — was 
given  as  a  maximum  by  the  amount  of  nitrogen  excreted  by 
the  kidneys.  This  amount  being  determined  by  analysis,  the 
amount  of  muscle  is  readily  calculated,  since  every  15*6  parts 
of  nitrogen  indicate  100  parts  of  muscle  destroyed.  The 
excreted  nitrogen  was  determined  in  the  experiments  of  Fick 
and  Wislicenus  with  every  possible  care;  and  in  order  that 
there  might  be  no  source  of  loss,  the  amount  excreted  for  six 
hours  after  the  ascent  was  taken  into  account. 

As  a  final  result  of  their  investigations,  they  found  that  the 
muscle  consumed,  even  with  the  most  liberal  allowance  for  all 
possible  chance  of  error,  would  not  account  for  the  work  per¬ 
formed.  Even  under  the  most  favourable  interpretation,  and 
neglecting  all  the  internal  and  external  work  that  could  not  be 
accurately  measured,  it  was  found  that  the  combustion  of  the 
muscles  themselves  would  not  account  for  a  third  of  the  work 
p  erj formed. 

Some  time  ago  Dr.  E.  Smith  made  some  experiments  of  a 
similar  nature  upon  prisoners  working  at  the  treadmill,  which, 
rightly  interpreted,  point  to  the  same  result.  The  treadmill 
is  found  to  be  an  extremely  convenient  instrument  for  physio¬ 
logical  investigations  of  this  kind,  since  it  permits  the  accu¬ 
rate  registration  of  the  work  performed,  and  also  ensures  regu¬ 
larity  of  performance.  The  experiments  were  made  upon  four 
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prisoners,  who  made  a  total  ascent  of  1*432  miles  a  day,  an 

amount  of  work  far  less  than  that  taken  for  amusement  bv 

€/ 

mountain  tourists.  The  actual  muscle  consumed  being  deter¬ 
mined  in  the  same  manner  as  in  the  latter  experiment  of  the 
German  professors,  it  was  found  that  the  combustion  of  the 
muscle  was  sufficient  to  account  for  but  three-fifths  of  the  work 
performed,  although  the  labour  was  comparatively  light.  It 
was  also  a  significant  fact  that  the  amount  of  urea  given  out 
was  not  increased  by  the  exercise.  This  was  in  agreement 
with  previous  experiments  of  Draper,  Speck,  and  Lehmann, 
and,  taken  in  connection  with  the  foregoing*,  points  to  the  con¬ 
clusion  that  the  oxidation  of  the  muscle  contributes  at  the 
utmost  but  a  very  small  proportion  of  the  muscular  force.  The 
destruction  of  the  muscle  is  really  due  to  those  processes  of 
change  and  death,  to  which  nearly  all  the  tissues  of  the  body 
are  (as  is  well  known)  successively  subject. 

Other  experiments  made  by  Haughton  on  military  prisoners 
at  shot-drill  also  show  the  great  excess  of  the  work  actually 
performed  over  that  which  could  be  furnished  by  the  destruc¬ 
tion  of  muscle,  but  enough  has  been  adduced  to  show  that  we 
must  look  elsewhere  for  the  source  of  that  power  of  which  the 
muscles  are  but  the  agents. 

Whence  comes,  then,  this  strange  muscular  force  which 
we  exert  at  will,  and  are  able  to  combine  and  direct  in  so 
wonderful  a  manner  ?  If  it  be  not  furnished  by  the  muscles, 
where  is  the  source  of  its  supply  ?  To  this  inquiry  the  answer 
is  clear  and  definite.  It  is  the  food,  as  assimilated  in  the  blood, 
and  the  combustion  of  the  various  articles  of  diet,  both 
those  hitherto  called  heat-givers,  as  well  as  the  flesh-formers, 
that  furnish  the  muscles  with  their  power  to  contract.  This 
important  result  is  clearly  shown  by  the  researches  of  Dr.  B. 
Smith,  who  finds  the  combustion  of  carbon  in  the  body  varies 
according  to  the  amount  of  work  the  body  performs.  This 
fact,  indicated  by  the  amount  of  carbonic  acid  exhaled,  is 
evident  from  the  following  table  : — 

Carbonic  acid  evolved 
per  hour. 


During  sleep . 19.2  grammes 

Before  sleep,  but  after  lying  for 

several  hours . 23.0  ,, 

Walking,  at  two  miles  per  hour  .  .  73.6  ,, 


Walking,  at  three  miles  per  hour  .  100.4  „ 

Upon  the  treadwheel,  ascending  one- 

third  mile  per  hour . 175.0  ,, 

Here,  then,  in  the  energy  stored  up  in  the  carbon  and 
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hydrogen  of  the  food,  we  find  the  origin  of  the  work  of  the 
field  labourer  and  the  navvy— the  power  that  raises  the  sky¬ 
lark,  and  that  which  enables  the  squirrel  to  leap  from  tree  to 
tree.  The  combustible  and  the  oxygen  co-exist  side  by  side  in 
the  blood,  and  are  thus  carried  through  the  muscles  which 
furnish  the  instrument.  The  nervous  agent  (so  to  speak) 
fires  the  train,  or  pulls  the  trigger,  and  the  still  energy 
of  the  combustible  immediately  takes  the  active  form  of 
motion. 

These  views  of  the  origin  of  muscular  force  suggest  pro¬ 
found  changes  in  the  diet  necessary  to  persons  engaged  in 
bodily  labour.  It  is  known,  by  the  experiments  of  Savory 
on  rats,  that  the  purely  albuminous  constituents  of  food,  in  the 
absence  of  “  heat-givers,”  will  enable  the  body  to  perform  all 
its  necessary  internal  work  ;  but  it  is  very  improbable  that 
such  is  to  any  extent  the  function,  of  nitrogenous  food.  The 
use  of  the  latter  is  doubtless  (as  shown  long’  ago  by  Liebig), 
that  of  providing  fresh  muscular  tissue  to  replace  that  which 
is  constantly  undergoing  waste  and  decay.  It  is  estimated, 
that  this  would  be  furnished  by  3f  oz.  of  dry  albumen  every 
twenty-four  hours,  and  this  amount  being  supplied,  the- 
remainder  of  the  food  necessary  to  supply  the  body  with  its- 
working  fuel  may  be  either  of  the  starchy  or  fatty  classes. 
In  fact,  articles  of  food,  such  as  animal  flesh,  are  under- 
positive  disadvantages  as  working  foods,  since  they  are 
incompletely  burnt  in  the  body,  and  consequently  all  the 
energy  they  contain  is  not  available.  The  urea  they  pro¬ 
duce  though  a  waste  product  is  really  a  combustible  substance. 
It  is  on  this  account  also  that  gelatin,  from  its  richness  in 
nitrogen,  is  theoretically  the  least  economical.  Bat  the  fats, 
sugar,  etc.,  are  completely  consumed  in  the  body,  and  even 
more  perfectly  than  would  happen  were  they  thrown  into  an 
ordinary  fire. 

Frankland  has  determined  the  amount  of  force  capable  of 
being  given  out  by  various  articles  of  food,  by  noting'  the  rise 
of  temperature  produced  by  deflagrating  known  weights  with, 
chlorate  of  potash  under  water.  From  the  results  thus-, 
obtained,  the  following  table  was  calculated,  showing  the 
amount  of  force  developed  b}’  one  gramme  of  various  foods 
when  consumed  in  the  body.  This  is  expressed  in  meter- 
kilogrammes,  or  the  force  necessary  to  raise  a  kilogramme 
(2. Tibs.)  to  the  height  of  a  meter  (3.28  feet).  The  food  is  in 
its  ordinary  condition,  and  the  percentage  of  water  it  contains 
is  appended. 

Actual  energy  developed  by  various  articles  of  food  when* 
consumed  in  the  body  : — 
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Name  of  Food 
Cheshire  cheese 
Bread  . 

Milk  .  .  . 

Potatoes  . 
Apples 
Oatmeal  . 

Pea  meal . 

Flour  . 

Pice  . 
Arrowroot 
Mackerel  flesh 
Lean  beef 
Beef  Fat  . 
White  of  egg 
Isinglass  . 
Hard-boiled  001*0’ 

o  o 

Carrots 
Cabbage  . 

Cocoa  nibs  . 
Cod-liver  oil 
Lump  sugar 
Butter . 


Metre-  Per  Centage 
kilogrammes.  of  Water. 


.  1908 

24 

1201 

44 

266 

87 

482 

73 

315 

82 

1798 

— — * 

1765 

— - 

1797 

* — 

1760 

— 

1901 

— — 

*738 

70.5 

623 

70.5 

4113 

— 

266 

86.3 

1700 

• - 

1030 

62.9 

243 

86 

198 

88.5 

3149 

- - 

4127 

— 

1800 

— 

3331 

- - 

The  above  numbers  show,  in  a  very  striking’  degree-,  the- 
advantages,,  as  a  source  of  animal  force,  that  the  dry,  fari¬ 
naceous  cereals  possess  over  the  animal  foods.  This  is,  however, 
principally  owing  to  the  amount  of  water  the  latter  contain ; 
for  when  dry,  they  have  somewhat  the  advantage  over  the 
cereals.  But  it  will  be  observed  that  both  are  enormously 
surpassed  by  the  fats  and  substances  which  contain  fat,  such  as 
cocoa  or  cheese.  The  superiority  of  cod-liver  oil  as  a  source  of 
force  to  every  other  substance  is  also  very  remarkable,  and 
justifies  its  great  use  in  medicine.  Indeed,  the  condensed 
form  of  nourishment  afforded  by  the  fats  has  long  been  known. 
The  chamois  hunters,  who  have  to  undergo  continued  and. 
severe  exertion  among  the  peaks  and  glaciers  of  the  Alps,  are 
accustomed  to  take  with  them  as  provisions  nothing  but  fat 
and  sugar.  They  say  that  these  substances  are  more  nourish¬ 
ing  than  meat,  for  they  have  learnt  by  experience  the  rich 
supply  of  force-producing  matter  these  substances  afford. 

It  will  be  observed  that  some  vegetables  also  have  very  low 
force  value,  on  account  of  the  amount  of  water  they  contain. 
Indeed,  apples,  cabbage,  etc.,  almost  as  much  deserve  the 
name  of  drinks  as  milk  or  beer.  But  the  different  values  of 
the  various  articles  of  diet  becomes  more  evident  when  they 
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are  stated  in  an  economical  form,  with  the  cost  attached,  as  in 
the  following  table 

Weight  and  cost  of  various  articles  of  food  required  to  he 
consumed  in  the  body,  in  order  to  raise  140  pounds  to  the 
height  of  10*000  feet. 


External  work  =  4-  of  actual  energy. 


Name  of  Food. 

Weight  required,  Price 

lbs. 

per 

lb. 

Cost. 

s. 

d. 

s. 

d. 

Cheshire  Cheese* 

1*07 

0 

10 

0 

11 

Bread. 

1.77 

0 

2 

0 

34 

Milk  .... 

8*02 

5d.  per  quart  1 

34 

Potatoes  . 

4*43 

0 

1 

0 

Apples  . 

6*77 

0 

li 

0 

10| 

Oatmeal  . 

1*05 

0 

2} 

0 

3 

Peameal  . 

1*21 

0 

3£ 

0 

4 

Flour  .... 

1*19 

0 

2J 

0 

34 

Bice  .... 

1*27 

0 

4 

0 

5 

Mackerel. 

2*89 

0 

8 

1 

Hi 

Whiting  . 

6*56 

1 

4 

8 

9i 

Lean  Steak  . 

3*42 

1 

0 

3 

5i 

Beef  Fat. 

0*52 

0 

10 

0 

k  Q 

Dt 

Lean  Ham  . 

2*6 

l 

6 

4 

1 

Butter  . 

0*64 

1 

6 

0 

1H 

Arrowroot  . 

M2 

1 

0 

1 

14 

White  of  Egg  . 

8*02 

0 

6 

4 

0i 

Isinglass  . 

* 

1*25 

16 

0 

20 

1 

Hard-boiled  Egg 

2*07 

0 

6~ 

1 

H 

Carrots  . 

8*78 

0 

H 

1 

u 

Cabbage . 

10*77 

0 

r 

0 

lOf 

Cocoa  Mbs  . 

0*67 

1 

6 

0 

iii 

Sugar.  .  . 

1*15 

0 

6 

0 

7 

Bass's  Ale. 

• 

9  bottles  lOd.  nerbot.  7 

6 

Guinness'  Stout 

* 

6^- 

U4  )) 

lOd. 

5 

24 

I  he  position  occupied  by  oatmeal  as  a  cheap  source  of 
force  shows  that  its  extensive  use  appears  thus  founded  on 
sound  economical  principles.  Certainly  few  foods  can  compete 
with  it  in  respect  to  its  capability  of  affording  support  to  the 
bodily  functions  at  a  minimum  of  expense.  The  comparative 
small  force-value  of  animal  foods,  combined  with  their  high 
pi  ice,  render  them  (according  to  the  foregoing  table)  most 
uneconomical  articles  of  diet.  It  should,  however,  be  remem¬ 
bered,  the  relative  digestibility  of  the  various  foods  is  a 
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condition  of  considerable  importance,  not  only  on  dietetic 
grounds,  but  also  from  purely  mechanical  considerations.  It 
has  been  mentioned  above  that  the  labour  of  digestion  is  itself 
a  considerable  source  of  internal  work,  though  we  are  ignorant 
of  its  amount.  It  may  therefore  frequently  happen  that  the 
ready  digestibility  of  an  article  of  food  may  more  than  com¬ 
pensate  for  its  otherwise  inferior  value  as  a  source  of  force. 


MODERN  EXPLOSIVE  COMPOUNDS. 

NITRO- GLYCERINE,  ITS  PERILS,  AND  ITS  PROBABLE  USES. 

The  explosive  compounds  with  which  chemistry  has  furnished 
us  may  very  conveniently  be  divided  into  two  classes,  only 
one  of  which,  however,  is  likely  ever  to  be  applied  to  prac¬ 
tical  purposes.  The  explosion  produced  by  compounds  be¬ 
longing  to  one  of  these  classes  is  due  to  the  weak  affinity 
which  exists  between  their  constituent  elements;  and  the 
ease  with  which,  therefore,  they  suddenly  and  almost  spon¬ 
taneously  separate.  A  liquid  or  solid  being  changed  instan¬ 
taneously,  and  with  uncontrollable  energy  into  gases,  which 
occupy  many  times  a  larger  space  than  before.  Peroxyde  of 
hydrogen  (PR  02),  and  perchloride  of  nitrogen  (NCR),  are 
striking  examples  of  this  class.  The  former  being  decom¬ 
posed  with  explosive  violence,  by  mere  elevation  of  tempe¬ 
rature,  into  water  and  oxygen,  on  account  of  the  very  weak, 
affinity  of  the  second  atom  of  oxygen;  and  the  latter,  when 
dry,  by  the  slightest  contact,  or  the  least  motion,  into  chlo¬ 
rine  and  nitrogen. 

Bodies  belonging  to  the  other  class  explode  from  a  very 
different  cause  ;  the  result  produced  in  their  case  being  nothing 
more  than  a  very  rapid  combustion,  due  to  the  presence  and 
complete  admixture  of  the  combustible  and  supporter  of  com¬ 
bustion.  The  most  appropriate  illustrations  of  this  class  are 
found  in  gnnpowder,  gun-cotton,  and  nitro- glycerine.  ■  That 
these  are  well  suited  for  producing  a  very  rapid  combustion 
is  evident  from  their  constitution,  which  is  as  follows  : — - 

Gunpowder  .......  KO.NOg  S-fC 

Gun-cotton  .......  C24H17O17.3NO5 

Nitro-glycerine . C3lT503.oN05 

This  formula  for  gunpowder  is  what  has  been  found  by 
theory,  but  it  corresponds  very  nearly  with  that  of  the  best 
kinds.  The  constitution,  both  of  gun-cotton  and  nitro- 
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glycerine,  is  as  yet  uncertain ;  but  it  is  most  probably  very 
nearly  the  above.  The  presence  of  sulphur  in  the  gunpowder 
is  indispensable ;  but  it  is  objectionable  for  many  reasons.  In 
war  it  fouls  and  corrodes  firearms ;  and  in  both,  war  and 
mining  it  produces  noxious  gases.  And  hence,  one  of  the 
-advantages,  both  of  gun-cotton  and  nitro- glycerine,  is  that  the 
combination  of  their .  elements,  during  their  explosion,  gives 
rise  to  no  corrosive  or  suffocating  compound ;  nor  does  either 
of  them  leave  any  residue. 

The  resemblance  between  the  constitution  of  these  three 
important  bodies  is  very  striking.  In  all  of  them  nitric  acid, 
which  is  extremely  rich  in  oxygen,  and  is  very  easily  decom¬ 
posed,  supplies  the  supporter.  Each  of  them  has,  however, 
its  advantages  and  disadvantages.  Gunpowder,  for  example, 
is  not  liable  to  spontaneous  decomposition,  but  it  is  spoiled 
by  moisture.  Exactly  the  reverse  is  the  case  with  nitro¬ 
glycerine. 

On  the  present  occasion  we  shall  restrict  our  observations 
to  nitro-glycerine,  as  it  is  now  exciting  considerable  attention, 
and  is  likely  very  soon  to  become,  almost  exclusively,  the 
explosive  agent  in  mining  operations.  “  Nitro- glycerine,” 
called  also  “  Glonoine,"  “Nobel's  blasting  oil/'  etc.,  was 
discovered  in  1847  by  Sobrero,  a  pupil  of  M.  Pelouze,  who,  by 
acting  on  glycerine  with  a  mixture  of  two  volumes  of  sulphuric 
acid,  and  one  volume  nitric  acid,  and  then  adding  water, 
obtained  a  yellowish,  oil-like  compound,  which  was  inodorous, 
of  a  sweetish  pungent  taste,  producing  headache,  when 
merely  applied  to  the  tongue,  and  highly  explosive.  This 
remarkable  compound  for  a  considerable  time  attracted  but 
little  notice.  It  was  long  used  only  as  a  medicine,  and  almost 
exclusively  by  the  homoeopathists ;  and,  strange  to  say,  con¬ 
sidering  its  violent  properties,  was  prescribed  as  a  cure  for 
nervous  affection. 


It  is  merely  a  compound  of  nitric  acid  and  glycerine.  The 
latter,  though  so  energetic  in  combination,  is  one  of  the 
mildest  substances  known.  It  was  discovered  by  Scheele  in 
1779  ;  and,  from  its  extreme  sweetness,  was  termed  by  him 
the  “  sweet  principle  of  oils/'  a  peculiarity  indicated  by  its 
present  name.  It  ranks  as  an  alcohol,  since  its  formula  may  be 
considered  as  C3H5  j  ^  Combined  witb  tkj  M  acid%  y.  affordSj 

in  the  fixed  oils  and  fats,  compound  ethers.  In  saponification 
the  acid  of  the  compound  ether  unites  with  the  inorganic  base, 
the  glycerine  being  set  free.  It  forms  a  great  number  of 
compounds,  in  some  of  which  it  is  combined  unchanged ;  thus 
in  the  case  of  the  fat  acids;  in  others,  the  monatomic  radical 
acid  takes  the  place  of  one  or  more  atoms  of  its  hydrogen. 
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It  is  produced  during  the  alcoholic  fermentation  of  sugar,  and 
it  occurs  in  all  fermented  liquors,  but  particularly  in  wine.  It 
may  be  formed  artificially  with  great  ease. 

When  glycerine  is  acted  on  by  nitric  acid  alone,  and  at 
ordinary  temperature,  oxalic  acid  is  the  result ;  but  when  sub¬ 
mitted  to  the  action  of  a  mixture  of  nitric  acid  and  sulphuric 
acid  at  a  low  temperature,  three  atoms  of  the  nitric  acid  com¬ 
bine  with  one  atom  of  the  glycerine,  nitro-glycerine  being* 
formed. 

Nitro-glycerine  is  heavier  than  water,  its  specific  gravity 
being  1*6.  It  is  insoluble  in  water,  but  dissolves  in  alcohol 
and  ether.  Its  insolubility  in  water  renders  it  extremely 
valuable  for  subaqueous  purposes.  Possibly  it  may  be  found 
well  adapted  for  torpedoes.  It  freezes  at  about  46°  Fahr., 
and  explodes  at  about  350°.  Flame  will  not  always  ignite  it ; 
and  when  it  is  struck  with  a  hammer  on  an  anvil,  only  the 
portion  which  is  actually  struck  explodes.  It  is  exploded, 
however,  by  agitation  or  friction — when  frozen,  by  the  friction 
even  of  its  own  particles ;  a  very  serious  source  of  danger, 
as  it  freezes  at  very  moderate  temperature.  Considering 
its  resemblance  to  gun-cotton,  and  the  circumstances  under 
which  it  sometimes  ignites,  there  is  but  too  good  reason  to 
believe  that  it  is  liable  to  spontaneous  decomposition,  which 
might  easily  give  rise  to  a  temperature  sufficiently  high  to 
cause  ignition.  It  is  probable  that  the  oxygen  of  the  nitric 
acid  which  it  contains  slowly  combines  with  its  hydrogen  and 
carbon.  In  such  a  case,  heat  would  be  generated,  and,  if  not 
allowed  to  escape,  would  accumulate  to  a  perilous  or  even  fatal 
extent.  One  of  the  greatest  dangers  that  accompany  nitro¬ 
glycerine  arises  from  the  fact  that  it  can  be  made  only  at  a  low 
temperature,  and  that  it  explodes  if  the  temperature  is  very 
moderately  augmented.  Nevertheless,  were  it  not  liable  to 
spontaneous  decomposition,  it  would  be  at  least  as  safe  as 
gun-cotton,  dun- cotton  often  explodes  from  a  similar  cause. 
If  it  is  slightly  acid,  fumes  will  be  generated  by  the  reaction 
of  the  acid ;  and  if  these  fumes  are  not  allowed  to  escape,  and 
especially  if  the  heat  is  retained  by  means  of  non-conducting 
bodies,  the  temperature  will  become  high  enough  to  cause 
ignition.  Such  a  result  is  extremely  likely  to  take  place  if  the 
gun-cotton  is  placed  in  a  bottle,  which  is  surrounded  by 
sawdust  contained  in  a  wooden  box.  Many  explosions  that  have 
puzzled  photographers  are  explained  in  this  way ;  and  there  is 
reason  to  believe  that  nitro-glycerine  in  wooden  boxes  has 
exploded  from  similar  causes.  The  composition  of  nitro¬ 
glycerine  being  so  similar  to  that  of  gun-cotton,  it  is  not 
wonderful  that  it  will  ignite  in  similar  circumstances. 

Nitro-glycerine  is  supposed  to  be  eight  times  as  powerful 
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as  gunpowder,  weight  for  weight,  and  thirteen  times  as  power¬ 
ful,  bulk  for  bulk.  This  renders  it,  though  dearer  than 
gunpowder,  more  economical  for  mining  purposes,  on  account 
of  the  diminished  labour  in  boring.  It  requires  no  tamping  ; 
the  hole  in  which  it  is  placed,  and  which  may  without  incon¬ 
venience  be  damp,  may  be  merely  closed  with  water  or  sand. 
If  there  are  any  crevices,  they  must  of  course  be  stopped,  or 
the  oil  will  flow  away,  and  be  wasted;  but  damp  clay  will 
answer  well  for  the  purpose. 

Various  experiments  have  been  made,  with  the  object  of 
testing  the  explosive  power  of  nitro -glycerine,  some  of  them 
for  the  purpose  of  comparing  it  with  gunpowder.  Thus  a  hole 
fifteen  inches  deep  was  bored  within  eighteen  inches  of  the 
edge  of  a  large  block  of  calcareous  stone  ;  and  a  charge  of  oil 
one  and  a  half  inches  deep  was  placed  in  it,  after  which  it  was 
closed  with  plastic  clay.  The  explosion  caused  the  block  to  be 
blown  into  small  fragments ;  a  similar  charge  of  powder  broke 
a  similar  block  into  only  three  piece's.  A  hole  three  feet 
deep  and  one  and  a  quarter  inches  in  diameter  was  bored  in  a 
solid  rock  three  feet  from  its  face,  and  three  ounces  of  nitro¬ 
glycerine  were  placed  in  it,  and  covered  with  a  wad  of  paper, 
on  which  water  was  poured.  The  explosion  caused  a  displace¬ 
ment  to  the  depth  of  six  feet.  In  a  subsequent  experiment 
the  hole,  which  was  eight  feet  two  inches  deep,  and  half  an 
inch  in  diameter,  was  bored  nine  feet  from  the  face  of  the 
rock,  and  was  charged  with  oil  to  the  depth  of  eighteen 
inches.  The  explosion  completely  separated  one  hundred  tons 
of  the  rock.  There  is  reason  to  believe  that  half  a  hundred¬ 
weight  of  gunpowder  would  be  required  to  produce  the  same 
effect. 

The  wonderful  capabilities  of  nitro-glycerine  as  an  explosive 
agent  have  been  hitherto,  unfortunately,  far  more  than 
counterbalanced  by  the  fearful  damage  with  which  its  use  is 
accompanied.  Already  some  appalling  catastrophes  have  been 
produced  by  it ;  and  the  recklessness  with  which  it  is  carried 
from  place  to  place,  and  the  temptation  there  is,  from  motives 
of  economy,  to  pass  it  as  ordinary  merchandize,  greatly 
enhances  the  peril;  so  that  a  stringent  parliamentary  enact¬ 
ment  regarding  it  is  loudly  and  somewhat  generally  demanded. 
That  legislation,  to  some  extent,  has  become  necessary,  can 
scarcely  be  denied,  the  destruction  of  life  and  property  by 
means  of  this  terrible  agent,  having  been  already  so  con¬ 
siderable.  In  November,  1665,  an  explosion  of  nitro-glycerine 
occurred  in  Greenwich  Street,  New  York.  It  was  caused  by 
a  quantity  contained  in  a  small  rudely-formed  box,  which  was 
found  in  the  baggage-room  of  the  Wyoming  Hotel.  Eed 
fumes  of  an  offensive  smell  being  observed  to  issue  from  the 
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box,  an  alarm  was  excited  which  led  to  its  being  thrown  out  of 
the  window  into  the  street,  where  it  immediately  exploded 
with  great  violence.  The  fames  which  were  emitted  on  this 
occasion  point  very  probably  to  a  cause  very  similar  to  that 
which  often  gives  rise  to  the  explosion  of  gun-cotton.  At 
Sydney,  one  hundred  pounds  weight  of  nitro-glycerine  exploded. 
On  the  3rd  of  last  April,  seventy  cases  of  it  exploded  at  Aspin- 
wall,  the  Atlantic  terminus  of  the  railway  which  crosses  the 
Isthmus  of  Panama.  The  “  European/ 3  a  vessel  about  1700 
tons  burden,  which  contained  them,  was  nearly  destroyed ;  a 
large  ship  beside  her  was  greatly  injured  ;  the  freight  house, 
a  fine  building,  was  blown  down,  and  400  feet  of  the  quay 
was  obliterated.  Upwards  of  seventy  persons  were  killed  and 
wounded  on  this  occasion,  and  not  a  single  whole  pane  of  glass 
was  left  in  the  city. 

The  magnitude  of  the  mischief  caused  by  this  explosion 
gives  but  little  idea  of  the  damage  which  these  very  cases 
might  have  caused.  Will  it  be  believed  that  London,  onfy 
by  the  merest  good  fortune,  escaped  devastation  through 
them ;  and  not  only  London,  but  Liverpool,  and  several  other 
important  towns ;  for  they  were  transmitted  from  the  place  of 
manufacture  with  the  utmost  negligence,  as  if  the  most  ordi¬ 
nary  merchandize :  travelling  across  England  from  Hull  to 
Liverpool,  and  across  the  Atlantic,  touching  at  important 
places  till  they  reached  the  locality  where  they  caused  such 
terrible  destruction.  The  horror  excited  by  the  explosion  of 
gunpowder  at  Erith  is  obliterated  by  the  consideration  of 
what  might  have  happened  had  the  seventy  cases  of  nitro¬ 
glycerine  which  blew  up  at  Aspinwall  exploded  a  little  sooner, 
at  London  or  Liverpool ;  and  that  they  Mid  not  explode,  con¬ 
sidering  the  dangerous  character  of  the  compound,  must  be 
looked  upon  as  little  short  of  a  miracle. 

Similar  casualties  have  followed  in  quick  succession.  On 
the  16th,  also,  of  last  April,  an  explosion  of  nitro-glycerine 
happened  at  San  Francisco,  by  wTiich  many  persons  were 
killed,  and  200,000  dollars  worth  of  property  destroyed.  The 
oil  was  contained  in  two  boxes,  which,  to  save  a  compara¬ 
tively  trifling  expense,  were  transmitted  through  the  most 
important  and  populous  localities  in  Europe,  as  ordinary 
merchandize. 

What  conclusion  is.  to  be  drawn  from  these  terrible 
casualties  ? — that  the  manufacture  of  nitro-glycerine  ought  to 
be  prevented  ?  Certainly  not.  Science,  which  has  supplied 
the  bane,  will  undoubtedly  supply  the  antidote  also,  if  it  has 
not  already  done  so.  In  the  meantime,  too  much  caution 
cannot  be  used :  but  we  must  not  allow  ourselves  to  be 
carried  away  by  our  fears.  Both  gunpowder  and  gun-cotton 
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were,  at  first,  managed  with  difficulty ;  and  each  has  con¬ 
tributed  its  own  share  to  the  chapter  of  accidents.  As  to 
gunpowder,  with  reasonable  precautions,  notwithstanding  the 
catastrophes  to  which  it  has  from  time  to  time  given  rise,  it  is 
considered  almost  free  from  danger.  The  history  of  gun- 
cotton  is  a  short  one,  yet  it  recounts  numerous  and  terrible 
accidents.  In  1847,  a  quantity  of  gun-cotton  blew  up  a  factory 
belonging  to  the  Messrs.  Hall,  and  killed  every  one  in  the 
establishment.  In  1848,  more  than  3000  lbs.  of  it  exploded 
in  Paris,  reducing  the  most  massive  walls  to  powder.  Num¬ 
berless  other  accidental  explosions  of  it  are  on  record  ;  yet  it 
is  now  made  everywhere,  if  not  for  military  or  mining  pur¬ 
poses,  at  least  for  those  of  the  photographer. 

Already  experiments  have  been  made  by  Nobel,  the  Swedish 
chemist,  who  first  utilized  nitro- glycerine  by  applying  it  to 
mining,  which  go  tar  to  prove  that  it  may  be  made  perfectly 
harmless  for  the  purpose  of  transport  or  storage.  He  has 
recently  ascertained  the  important  fact,  that,  when  methylic 
alcohol  (common  wood  naphtha),  a  very  cheap  material,  is 
dissolved  in  it,  neither  heat  nor  percussion  cause  it  to  explode; 
and  that  this  preservative  medium  is  separated  from  it  with 
even  still  more  ease  than  the  pulverized  glass,  etc.,  which  is 
used  to  render  gunpowder  inexplosive.  On  adding  water, 
which  takes  up  the  alcohol,  the  nitro -glycerine  will  separate 
and  fall  to  the  bottom;  it  is  then  easily  obtained,  without 
admixture,  by  means  of  a  syphon,  all  its  peculiar  properties 
being  completely  restored.  J.  W.  MfGr. 
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(continued.  ) 

BY  THE  EEV.  T.  W.  WEBB,  A.M.,  F.E.A.S. 

The  conclusion  to  which  the  American  astronomers  were  led  in 
1848,  as  to  the  cause  of  the  knots  of  light  upon  the  ring,  has 
been  endorsed  in  1861-2  by  Secchi,  who  found  that  when  the 
dark  side  of  the  ring  was  turned  towards  us,  light  still  reached 
us  through  the  great  division;  and  that  the  ring  never  entirely 
disappeared  in  that  position,  being  traceable  as  a  very  slender 
and  leeble  line.  This,  however,  he  seems  disposed  to  refer, 
not,  like  other  observers,  to  its  actual  thickness,  but  either  to 
the  efiect  of  a  refracting  atmosphere  surrounding  it,  which  he 
thinks  probable  from  other  considerations,  or  to  some  degree 
of  transparency.* 

Bis  figure  shows  the  belts  entirely  disappearing  before  reaching  the  limb. 
1861,  Nor.  5,  he  saw  a  dark  spot  near  the  centre  of  the  disc  :  Nor.  15,  there  was 
an  irregular  blackish  patch  on  the  ball.  .  He  repeatedly  noticed  the  cc  square- 
shouldt  red  ”  form,  but  only  in  an  inferior  air ;  in  fine  weather  the  ellipse  was 
perfect. 
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Our  readers  may  be  interested  in  seeing  a  copy  of  a '  dia¬ 
gram  by  this  eminent  observer,  representing  by  the  vertical 
height  of  the  various  parts  of  a  curve  above  a  horizontal  line, 
the  proportional  brightness,  as  observed  by  himself,  1855, 
Dec.  24,  of  the  corresponding  parts  of  the  whole  system  of 
rings. 


It  will  be  seen  that  he  delineates  the  light  as  continuous 
between  a  and  b,  but  not  between  b  and  c. 

The  next  point  to  which  our  attention  will  be  directed  will 
be  the  eccentricity  of  the  ring  considered  as  a  whole,  or,  which 
of  course  is  the  same,  the  non-concurrence  of  the  centres  of 
figure  of  the  ring  and  of  the  ball.  This  is,  perhaps,  what  we 
might  not  have  expected ;  but  there  is,  nevertheless,  a  con¬ 
siderable  balance  of  evidence  in  its  favour.  It  was  first  noticed, 
as  far  as  we  know,  in  1664,  by  Gallet,  a  priest  of  Avignon, 
who,  though  a  fanciful  theorist,  was  probably  possessed  of  an 
acute  sight.  He  referred  it,  however,  erroneously,  to  a  per¬ 
spective  effect  depending  upon  the  position  of  our  eye.  If 
seems  then  to  have  been  forgotten,  till  it  was  independently 
re-discovered  in  1827  by  Schuzbe,  who  remarked  that  the  ball 
lay  W.  of  the  centre  of  the  ring.  This  was  confirmed  by 
Harding  and  others,  and  Schumacher,  in  1828,  and  demon¬ 
strated  micrometrically  by  2  I.  at  Horpat,  who  measured  it  on 
six  evenings  with  nominal  powers  of  480  (884)  and  600  (400), 
and  found  a  result  (reduced  to  mean  distance)  of  0r/*215,  =  Sw 
of  either  dark  space.*  Schwabe  subsequently  kept  it  in  view 
during  fourteen  years,  and  thought  that  it  was  variable  in 
extent.  He  paid  especial  attention  to  it  with  a  3l  and  6-ft. 
achromatic  in  1841,  and  on  thirty  nights,  between  July  13  and 
October  10,  found  the  dark  space  considerably  broader  on  the 

*  Herscliel  and  South’s  35  measures  in  1828  had  a  negative  result  ;  but  they 
gave  the  dark  space  only  3' *569,  while  2  I.  made  it  4"’339.  H.,  however,  and 

several  others,  thought  that  the  E.  opening  looked  the  larger.  The  following 
remarks,  by  some  of  the  most  eminent  astronomers,  deserve  the  student’s  careful 
attention : — 

“  It  appears  to  me  that  when  a  comparison  of  dimensions  sufficiently  answers 
the  purpose,  greater  accuracy  i3  often  obtained  .optically  than  by  the  application 
of  the  micrometer”  (Lassell). 

“In  this  instance”  (the  conjuction  of  a  satellite)  “the  eye  is  more  to  be 
depended  upon  than  micrometric  measurements  ”  (Bond  II). 

“A  practised  eye  would  fill  up  and  even  correct  the  representation  drawn  from 
micrometrical  measures  ”  (De  la  Rue). 

“  The  eye  may  sometimes  be  trusted  more  than  the  micrometer  ”  (Dawes). 
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E.  side ;  on  ten  nights  much  less  so,  or  not  perceptibly  different. 
He  prosecuted  the  enquiry  at  Dessau  conjointly  with  De-Vico, 
at  Rome,  and  their  simultaneous  observations  agreed  very  well; 
but  while  concurring  as  to  the  fact  of  a  variable  amount  of 
eccentricity,  they  could  detect  no  period ;  the  displacement 
sometimes  seeming  to  reach  its  extreme  amount  in  two  or  three, 
but  often  only  in  about  seventy  hours.  The  Roman  observa¬ 
tions  were  very  numerous.  De-Vico  measured  the  eccentricity 
in  1841 ;  in  1842  it  was  watched  from  April  23  to  November 
20  ;  in  1843,  from  July  24  to  September  3,  many  times  in  each 
observing  nighty  with  an  occasional  record  of  visible  changes 
in  the  space  of  10,  and  even  5  m.  !  Of  late  years  this  pheno¬ 
menon  has  not  received  a  like  degree  of  attention.  Smyth 
never  could  detect  it.  Secchi  considered  in  1855  that  it 
existed,  though  in  a  slight  degree,  and  notes  that,  Dec.  27,  it 
was  not  perceptible.  Bond  I.,  1852,  Nov.  29,  measured  the 
E.  opening  the  W.  4//#26,  the  former  also  being  the 

larger  to  the  eye :  and  it  appears  strange  that  no  further  notice 
is  taken  of  so  remarkable  a  feature.  Coolidge,  on  three  occa¬ 
sions  in  1857,  alludes  to  some  inequality  in  the  crescents/* 
or  innermost  dark  spaces  ;  but  this  is  equivocal,  as  it  may  have 
been  due  to  a  temporary  irregularity  in  the  width  of  the  dusky 
ring.  Grover  (1866)  considers  it  to  be  visible,  as  well  as  the 
greater  distinctness  of  Balks  division  on  the  same  (E.)  side, 
with  even  two  inches.  This  may  at  first  appear  strange,,  but  it 
is  not  contrary  to  analogy  or  experience,  for  it  has  often  been 
noted  that  some  kinds  of  minute  differences  are  more  percep¬ 
tible,  proportionally  at  least,  when  the  objects  to  which  they 
relate  approach  the  inferior  limit  of  visibility. 

We  may  remark  that  it  does  not  seem  to  have  been  borne 
in  mind  that  some  variation  in  the  breadth  of  one  of  the  sides 
of  ring  B,  of  which  instances  have  been  known,  may  have  been 
occasionally  complicated  with  the  observed  effect ;  and  should 
this  minute  but  interesting  inquiry  ever  be  seriously  taken  in 
hand,  it  would  be  desirable  that  measures  of  the  width  of  the 
dark  “  lunule  ”  should  be  accompanied  by  simultaneous  ones  of 
that  of  B ;  though  it  must  be  admitted  that  a  difference  in  this 
respect  always  occurring  on  the  same  side  of  the  planet  is  even 
more  improbable,  a  priori,  than  a  similarly- conditioned  eccen¬ 
tricity.  .But  here,  in  fact,  lies  the  anomaly  on  any  supposition  : 
and  Humboldt's  remark,  that  the  variation  and  its  unequal 
amount  may  be  the  consequence  of  oscillations  in  the  centre  of 
gravity  of  the  ring  about  the  geometrical  centre  of  Saturn, 
loses  its  value  as  indicating  a  possible  condition  of  permanence, 
when  it  is  remembered  that  the  deviation  from  concentricity, 
when  it  is  observed,  is  always  in  the  same  direction. 

The  student  who  has  had  the  patience  to  make  his  way 


The  Planet  Saturn. 


469 

£ 

through  the  accumulation  of  detail  which  has  been  brought 
before  him,  will  have  noticed  repeated  indications  of  want  of 
symmetry  in  the  separate  members  of  the  ring-system.  As 
this  is  not  merely  a  point  of  curiosity,  but  of  importance  in  a 
final  review,  a  few  further  notices  respecting  it  may  be  intro¬ 
duced  here. 

The  first,  however,  indicates  want  of  stability  rather  than 
symmetry.  1855,  Dec.  29,  Secchi  was  surprised  at  the  unusual 
apparent  breadth  of  A,  rendering  it  quite  unlike  the  delinea¬ 
tions  of  Dawes  and  Lassell — an  impresssion  which  was  con¬ 
firmed  by  measurement,  giving  it  2//"788 — (D‘348  more  than 
the  mean  of  the  values  of  2) 1.  and  II.  and  Encke.  Then 
between  Jan.  9  and  April  3,  1856,  he  measured  the  whole 
bright  ansae  repeatedly  unequal,  p  having  four  times  and  f  once 
the  advantage,  with  a  mean  of  0 ^  *  1 1 9  in  favour  of  p.  Mar.  2, 
he  saw  A  the  broader/,  B  the  wider  p.  1857,  Jan.  13,  Bond 
II.  thought  A  narrower  than  usual.  And  these  anomalies  are 
in  entire  accordance  with  the  experience  of  De  la  Hue,  who 
states  in  1856  that  during  the  last  five  or  six  years  that  he  had 
been  assiduously  observing',  measuring,  and  making  drawings 
of  Saturn,  he  had  noticed  irregularities  in  the  widths  of 
especially  the  two  bright  rings,  and  in  the  dark  division 
between  them :  that  he  had  frequently  observed  the  rings 
wider  at  one  extremity  of  their  minor  axes*  than  accorded  with 
their  "breadths  at  their  major  axes,  with  a  corresponding* 
anomaly  in  Balks  division  ;  and,  moreover,  that  sometimes  the 
E.  ansa  of  one  of  the  bright  rings  was  wider  than  the  W.,  and 
vice  versa ,  by  quantities  quite  appreciable  to  a  practised  eye, 
although  difficult  to  determine  exactly  by  measurement. 

It  might  naturally  be  presumed  that  such  deviations  would 
produce  some  corresponding  effect  during  the  lateral  presenta¬ 
tion  of  the  rings,  and  this  we  shall  find  to  be  the  case  when  we 
have  an  opportunity  of  prosecuting  the  subject.  In  the  mean¬ 
time  we  have  much  pleasure  in  laying  before  our  readers 
the  latest  and  most  reliable  values  of  the  several  parts 
of  the  Saturnian  system,  as  deduced  with  great  care  by 
Mr.  Hind,  and  recently  published  by  Mr.  Bishop  for  the 
convenience  of  astronomers  : — Outer  diameter  of  ring  A, 
39//,76 — inner  do.  35//,22 — outer  do.  of  B,  34//*26 — inner  do. 
26"*32 — inner  do.  of  0,  22//,10.  Equator  of  globe,  17"* 5 6 
Breadth  of  A,  2/7*27 — do.  of  Balks  division,  Cff’48 — do.  of  B, 
3"*97 — do.  of  black  space,  2"*27.  Ellipticity  of  globe,  110*018. 

*  It  will  be  remembered  that  one  of  the  minor  axes  of  X>  is  always,  and  of  A 
for  long  periods  together,  hidden  behind  the  ball. 
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Some  curious  antiquarian  remains  Lave  recently  been  discovered  in 
the  immediate  neighbourhood  of  Salisbury,  consisting  of  what  the 
explorers  name  pit-dwellings.  The  site  of  this  discovery  is  a  field 
in  the  parish  of  Fisherton,  which  was  accidentally  found  to  be  full 
of  ancient  pits,  occurring  singly  and  in  groups.  These  pits  are 
carried  to  a  depth  of  from  seven  to  ten  feet  in  the  soil,  the  latter 
being  a  drift  gravel  resting  upon  chalk.  They  are  nearly  all 
circular,  from  five  to  seven  feet  in  diameter,  and  narrowing  at  the 
top  from  three  feet  six  inches  to  two  feet  six  inches.  The  floors 
were  of  chalk,  some  being  raised  about  eight  inches  in  the  centre, 
and  shelving  off  at  the  sides.  “  Moveable  circular  covers  appear  to 
have  been  used  for  the  pits  ;  these  were  composed  of  interlaced 
sticks  coated  with  clay  imperfectly  burnt.”  It  is  further  stated 
that  the  entrance  to  each  pit,  or  to  each  set  of  pits,  are  nearly  all 
circular  descending  shafts.  We  take  our  account  of  these  remains 
from  a  communication  to  the  Wiltshire  County  Mirror ,  of  the  20th 
of  June,  by  Mr.  E.  T.  Stevens,  of  the  Blackmore  Museum, 
Salisbury.  Mr.  Stevens’s  description,  though  on  the  whole 
very  satisfactory,  seems,  we  think,  a  little  deficient  in  one 
or  two  circumstances ;  he  does  not  inform  us  if  any  portions 
of  the  circular  covers  of  wicker-work  have  been  preserved,  or  if 
they  are  merely  conjectural ;  nor  has  he  explained  how  the  pit  was 
entered  from  the  descending  shaft,  or  what  kind  of  communication 
existed  between  the  pits,  when  one  shaft  served  for  a  set  of  pits. 
He  tells  us  that  the  most  interesting  group  of  pits  was  the  one  first 
opened.  “  It  consisted  of  three  circles  and  a  semicircle,  all  com¬ 
municating  with  each  other,  there  being  but  one  shaft-like  entrance 
on  the  northern  side.  In  the  largest  pit  of  this  group  (seven  feet 
in  diameter),  on  the  floor,  and  at  the  northern  side,  were  found  the 
most  important  specimens  hitherto  obtained.” 

These  specimens,  as  far  as  present  discoveries  go,  appear  to  be 
of  no  important  or  very  decisive  character.  They  consist,  in  the 
first  place,  of  fragments  of  rude  pottery,  not  made  on  the  wheel, 
but  displaying  “  a  considerable  amount  of  skill  in  decoration  and  in 
colouring.”  It  is  evident  that  we  can  only  judge  of  this  pottery  when 
we  have  it  under  our  eyes ;  but  the  colouring,  especially,  seems  to 
us  to  imply  that  it  is  hardly  of  the  extreme  antiquity  which  seems 
to  be  claimed  for  it.  We  must  be  cautious  in  taking  mere  rudeness 
of  make  for  evidence  of  antiquity.  Among  the  other  manufactured 
objects  found  in  the  pits,  are  a  bone  needle  with  a  drilled  eye,  two 
combs  with  short,  thick  teeth,  and  a  long  handle  for  grasping, 
drilled  at  the  end  as  if  for  suspension,  and  one  of  them  ornamented 
with  zigzag  lines.  One  is  of  bone,  and  the  other  made  of  the 
antler  of  the  red  deer.  Mr.  Stevens  remarks  the  striking  deficiency 
of  objects  in  worked  flint,  all  hitherto  found  being  a  solitary 
leaf-shaped  arrow-head,  and  one  hatchet  (unrubbed).  No  trace  of 
metal  ot  any  kind  has  yet  been  found,  but  the  mere  absence  of 
metal  must  not  be  regarded  as  a  proof  that  the  other  objects 
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belonged  to  a  “  stone-age,”  or  we  slionld  find  plenty  of  articles, 
modern  enough,  laying  claim  to  this  character.  We  learn 
farther  that  there  have  been  found  in  the  pits  at  Eisherton  two 
or  three  concave  stone  grain- rubbers  (querns),  of  a  very  simple  type, 
a  spindle-whorl  of  burnt  clay,  with  two  dressed  and  drilled  lumps 
of  chalk,  which  exhibit  traces  of  considerable  wear  at  the  drilled 
hole,  evidently  from  having  served  as  weights.  Among  the  animal 
remains  are  enumerated  those  of  a  small  race  of  horses  (which 
predominate),  a  skull,  as  well  as  numerous  bones  and  teeth,  of  the 
Bos  Longifrons ,  and  remains  of  the  red  deer,  a  small  variety  of  goat, 
the  sheep,  dog  (or  wolf),  pig,  water-rat,  field-mouse,  house-mouse, 
toad,  frog,  and  fish.  Nearly  all  the  bones  are  scored,  *as  if  with 
flint-knives,  especially  in  the  parts  where  the  sinews  were  attached, 
and  some  of  them  bear  marks  of  having  been  exposed  to  the  fire. 

These  discoveries,  as  described  by  Mr.  Stevens,  are  very  in¬ 
teresting;  and  we  are  glad  to  hear  from  him  that  the  excavations 
are  to  be  continued.  At  the  same  time,  we  can  hardly  bring  our 
mind  to  the  belief  that  they  are  dwellings  at  all.  Nothing  yet 
discovered  in  them  seems  to  us  to  intimate  that  they  had  been  used 
as  habitations  ;  and  we  can  hardly  understand  people  living  in  pits 
from  seven  to  ten  feet  deep,  by  five,  or  rather  more,  in  diameter. 
If,  as  is  conjectured,  these  pits  were  the  winter  dwellings  of  the 
early  inhabitants  of  this  district,  we  must  conclude  that  the  latter 
were  in  the  habit  of  condemning  themselves  during  the  winter  to 
solitary  confinement,  and  that,  too,  without  fires,  as  there  are,  we 
think,  no  traces  of  fires  at  the  bottoms  of  the  pits,  nor  could  there  be 
room  for  it.  All  this,  we  know,  is  quite  contrary  to  the  habits  of 
the  rude  peoples  of  our  colder  climates,  who  have  always  sought  to 
group  themselves  together  and  pass  the  long  winter  nights  with 
gambling  or  other  amusements.  With  the  little  we  yet  know  of 
them,  it  would  be  difficult  to  conjecture  the  real  purpose  of  these 
pits  ;  but  it  is  possible  that  they  may  bear  some  analogy  to  the 
equally  mysterious  pits,  though  of  larger  dimensions,  which  are 
found  in  the  chalk  hills  of  northern  and  central  Kent.  The  latter 
were  long  supposed  to  be  magazines  or  a  sort  of  store-rooms  ;  and  it 
has  been  conjectured  that  they  were  burial  places,  bat  this  may 
.admit  of  a  doubt. 

Since  writing  the  above  we  have  received,  through  the  kindness 
of  Mr.  Stevens,  outline  sketches  of  the  objects  found  in  the  Eisher¬ 
ton  pits.  The  two  bone  combs  are  perfectly  identical  in  character 
with  the  one  found  in  Thor's  Cave,  described  below,  and  may  have 
belonged  to  the  latter  half  of  the  Itoman  period,  while  the  pottery, 
as  far  as  we  can  venture  to  give  an  opinion  without  seeing  the 
fragments  themselves,  appears  to  us  to  be  late  Itoman  or  perhaps 
even  Anglo-Saxon. 

Considerable  interest  has  been  excited  among  antiquaries  by 
researches  which  have  been  pursued  in  Thor’s  Cave,  in  Derbyshire, 
until  the  close  of  the  autumn  of  last  year.  It  is  hardly  necessary 
to  state,  that  all  these  caves  containing  the  remains  or  works  of 
man  have  attracted  great  attention  during  late  years,  on  account  of 
their  supposed  bearing  on  the  question  of  the  great  antiquity  of 
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man,  although  the  objects  hitherto  found  in  them  present  no  marks 
of  a  very  remote  antiquity.  It  is  evident  that  most  of  them  were 
occupied  by  man  during  at  least  a  considerable  part  (the  later 
part)  of  the  Roman  period,  and  during  the  period  which  followed 
the  overthrow  of  the  Western  Empire.  Thor’s  Cave  is  situated 
in  a  romantic  position  in  a  precipitous  rock,  which  rises  from  the 
banks  of  the  river  Manifold,  in  Wetton  Dale,  near  Dove  Dale. 
Some  modern  local  etymologists  seem  to  think  that  the  name  is  a 
mere  transposition  and  corruption  of  “  the  cave  in  the  Tor;”  but 
we  look  upon  this  as  by  no  means  a  probable  derivation  ;  various 
names  by  which  it  has  been  known,  such  as  Thor’s  Cave,  Thor’s 
House,  Hobhurst  Cave,  Thurshole,  and  Thyrsis  Cavern — the  latter 
given  by  Dr.  Plot — with  scraps  of  legends  connected  with  it,  lead 
us  to  believe  that  the  name,  whatever  it  may  really  be,  has  arisen 
out  of  some  superstitious  feeling  with  which  the  place  has  been 
regarded.  Thyrse’s,  or  Thurse’s  cave  would  mean  “  the  cave  of  the 
spectre  and  we  are  told  that  one  of  the  above  names  belongs  to 
a  very  old  tradition,  that  it  was  formerly  the  retreat  of  a  very 
mysterious  being,  called  Hobhurst,  a  sort  of  Robin  Goodfellow* 
All  these  legends  seem  to  point  to  its  having  been  the  habitation  of 
man  (probably  late)  in  the  middle  ages.  We  may  add,  that  Thor’s 
Cave  extends  internally  in  the  heart  of  the  rock  to  a  very  con¬ 
siderable  extent,  and  that  it  presents  two  external  openings,  or 
entrances,  the  principal,  and  much  the  largest,  on  the  northern 
side ;  the  other  on  the  western  side  of  the  rock. 

A  very  interesting  account  of  the  exploration  carried  on  in  the 
cave  last  year  is  given  in  a  recent  number  of  the  Reliquary ,  with  a 
list  of  the  objects  found  in  it,  accompanied  with  a  considerable 
number  of  good  illustrative  engravings.  Most  of  the  pottery,  of 
which  the  fragments  were  numerous,  found  in  this  cave,  is  decidedly 
Roman  in  character ;  it  includes  several  pieces  of  Samian  ware. 
The  only  object  coming  under  the  title  of  “  stone  implements”  was 
a  smoothed  instrument  of  green  stone,  which  the  writer  of  the 
paper  to  which  we  refer  thinks  may  have  been  used  in  flaying 
animals.  There  were  found  two  fragments  of  querns,  whetstones 
of  grit,  and  a  small  perforated  disc  of  sandstone,  of  the  class  con¬ 
sidered  to  belong  to  spindle- whorls.  The  objects  made  of  bone  were 
more  numerous,  and  among  them  were  no  less  than  seven  examples 
of  an  implement  formed  of  the  snag  of  a  deer’s  horn,  and  cut  and 
perforated  in  a.  manner  which  might  lead  to  the  supposition  that 
they  were  intended  for  whistles.  It  has  been  conjectured  that  they 
may  have  been  used  for  fastening  wearing  apparel — perhaps  by 
people  of  a  class  who  could  not  afford  to  buy  fastenings  of  metal. 

Among  other  objects  formed  of  bone  were  a  rather  curiously 
shaped  comb  and  a  pin.  The  objects  made  of  iron,  which  were  toler¬ 
ably  numerous,  were  mostly  unmistakably  Roman.  They  consisted 
of  arrow  and  lance  heads,  and  of  other  cutting  and  hammering; 
implements,  one  or  two  of  which  perhaps  belong  to  the  Anglo-Saxon 
*  period,  of  pins  of  various  sizes,  several  supposed  mining  tools,  a 
broken  reaping-hook,  and  a  variety  of  other  articles  of  which  it . 
would  be  difficult  to  fix  the  exact  use.  There  was  also  a  rather 
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singular  object,  considered  to  be  a  spindle- wborl,  of  lead,  of  tbe 
shape  of  a  half  sphere,  pierced  through  the  centre,  and  ornamented 
on  the  flat  face  with  two  concentric  grooves.  The  objects  made 
of  bronze  and  copper  were  less  numerous,  and  consisted  chiefly  of 
ornaments  for  the  dress  or  person,  such  as  an  hoop-shaped  bracelet, 
several  febulse  and  ringed  pins,  plain  pins,  and  a  few  other  articles.. 
The  only  coin  was  one  in  second  brass  of  the  Emperor  Hadrian. 
The  writer  of  the  description  printed  in  the  Reliquary  ascribes  these 
objects  to  “  the  late  Celtic,  the  Romano-British,  and  the  Anglo- 
Saxon  periods.”  We  see  no  article  among  them  which  presents 
the  slightest  traces  of  Celtic  character,  or  which  implies  necessarily 
an  earlier  date  than  the  middle -of  the  Roman  period.  It  is  curious, 
in  this  respect,  how  uniformly  the  contents  of  these  caves  point 
to  one  period  as  that  during  which  they  were  inhabited — rather  late 
Roman  and  perhaps  rather  early  (though  not  necessarily  so)  Anglo- 
Saxon.  They  show  us  how  imperfectly  we  are  acquainted  with  the 
condition  of  a  large  part  of  the  population  of  our  island  during  the 
Roman  and  earlier  Saxon  periods,  and  how  cautious  we  ought  to  be 
in  forming  opinions  on  any  subject  connected  with  it. 

A  Roman  inscribed  sepulchral  monument  has  recently  been 
discovered  at  Lincoln,  in  a  part  of  the  town  called  Salt  House  Lane, 
which  lay  outside  the  walls  of  the  Roman  town,  by  the  side  of  the 
Roman  road,  and  formed  one  of  the  cemeteries  of  ancient  Lindum. 
The  inscription  indicates  that  it  stood  over  the  grave  of  a  Roman 
soldier  of  the  ninth  legion,  who  was  forty  years  of  age,  and  had 
served  twenty-two  years.  The  inscription  runs  as  follows  : — 

C  SAVFEIO 
O  F-  FAB-EER* 

MILIT  LEGrlO 
VIIII 
AN-XXXX 
H-S-E* 

Which  may  be  read,  “  Caio  Saufeio ,  Cctii  filio ,  J Fabio  Herennio ,  militi 
legionis  nonce,  annorum  xxxx.,  .stipendiorum  xxii.  Hie  situs  est  A  This 
inscription  belongs  probably  to  an  early  period  in  the  Roman 
occupation  of  Britain,  as  the  ninth  legion  disappears  from  history 
after  the  wars  under  Agricola,  and,  as  it  is  mentioned  in  inscriptions 
found  at  York  ( JSburcicum ),  it  has  been  supposed  to  have  been 
incorporated,  for  some  reason  or  other,  with  the  sixth  legion,  which 
was  stationed  there. 

Mr.  John  Brent,  Jun.,  of  Canterbury,  whose  recent  dis¬ 
coveries  at  Sarre  and  other  localities  in  East  Kent  have  excited 
general  interest,  has  jnst  discovered  and  opened  eighteen  graves  in 
an  Anglo-Saxon  Cemetery,  on  the  property  of  the  Marquis  of 
Conyngham,  at  Patrixbourne,  near  Canterbury.  This  cemetery, 
the  existence  of  which  was  previously  unknown,  appears  to  be 
of  considerable  extent.  The  contents  consisted  of  swords,  spear¬ 
heads,  umbos  and  braces  of  shields,  knives,  buckles,  fibulae,  some  of 
the  latter  set  with  garnets,  rings,  various  ornaments  of  the  person 
and  dress,  and  a  variety  of  other  interesting  objects.  It  is  very 
desirable  that  this  cemetery  should  be  further  explored. 
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An  account  of  the  antiquities  found  in  the  peat  mosses  OF 
Slesvig,  from  tlie  Danish,  of  Conrad  Engelhardt,  has  just  appeared 
in  a  handsome  4to  volume,  under  the  title  of  Denmark  in  the  Early 
Iron  Age.  The  Danish  antiquaries  are  not  satisfied  with  an  “iron 
age,”  but  they  now  divide  even  that  into  three  parts,  “  early,” 
“  middle,”  and  “  transition.”  On  the  very  unsafe  evidence  of  some 
Roman  coins,  the  antiquities  described  in  this  volume  are  ascribed 
to  the  third  century  after  Christ,  which  is  the  date  given  to  the 
earliest  of  these  three  divisions,  whereas,  any  one  well  acquainted 
with  Anglo-Saxon  and  early  Frankish  and  German  antiquities, 
must  recognize  them  at  once  as  belonging  to  a  period  not  earlier 
than  the  fifth  or  sixth  century.  In  fact,  they  are  exactly  of  the 
same  class  as  those  found  in  our  Anglo-Saxon  cemeteries,  and  con¬ 
sist  of  a  mixture  of  Roman,  sometimes  considerably  debased,  and 
Teutonic.  Those  described  in  the  present  volume  were  taken  from 
the  peat  mosses  of  Thorsbjerg  and  Nydam,  in  South  Jutland  or 
Slesvig,  which  are  supposed  to  have  been  formerly  sacred  lakes,  and 
the  most  plausible  explanation  of  the  presence  of  these  objects  in  those 
localities  is  that  they  were  offerings  to  the  gods  to  whom  the  lakes 
were  consecrated.  This  seems  to  be  confirmed  by  the  circumstance 
that  they  were  found  in  groups,  and  that  three  boats,  of  which  one 
at  least  of  great  dimensions,  which  were  found  in  a  remarkable  state 
of  preservation,  had  evidently  been  sunk  with  the  objects  they  con¬ 
tained,  by  design.  Perhaps  the  warrior  chief,  when  he  had  returned 
from  his  raid  into  the  Roman  province  at  the  decline  of  the 
Roman  power,  laden  with  plunder,  gave  a  portion  of  it  to  his 
gods,  by  sinking  it  in  the  sacred  lake.  The  old  Scandinavian  boats 
are  especially  remarkable,  and  the  details  here  given  of  them  are 
well  worthy  of  study.  Some  of  the  swords  have  the  name  of  the 
maker  stamped  on  the  blade,  and  it  is  singular  that  these  are  given 
in  Roman  letters,  and  in  exactly  the  same  fornmke  as  the  potters’ 
names  on  the  Roman  Samian  ware.  Thus  we  have  on  one 
....  ICOI'M.  (the  first  part  of  the  name  is  erased),  i.e.,  ....icci 
manu ;  and  on  another  COCILLVS,  with  the  F,  which  followed  it, 
erased,  for  Gocillus  fecit.  Singularly  enough,  the  name  Cocillus, 
or  Coccillus,  occurs  not  unfrequently  with  the  same  combination, 
on  the  Samian  ware.  There  were  found  with  these  antiquities  a 
complete  tunic,  a  pair  of  hose  or  trowsers,  and  other  portions  of 
dress.  These  objects  are,  however,  so  numerous,  and  so  varied, 
that  it  would  be  impossible  to  give  any  notion  of  them  within  the 
compass  of  a  few  lines,  and  we  must  refer  the  reader  to  the  well- 
executed  plates  with  which  this  volume  is  illustrated. 

T.  W. 


LITERARY  NOTICES. 

The  Harmonies  of  Nature  ;  or,  the  Unity  of  Creation.  By 
Dr.  G.  Hartwig,  author  of  the  Sea  and  its  Living  Wonders,”  and 
“  r^ie  Tropical  World.”  With  numerous  Woodcuts.  (Longmans.) 

There  is  no  doubt  that  a  handsome,  richly  illustrated  volume  like 
this  of  Dr.  Hartwig’,  roaming  from  the  “  starry  heavens  ”  to  the 
“majesty  of  the  ocean,”  the  “leaves  of  plants,”  and  discoursing  of 
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animals  and  insects  of  various  sorts,  will  be  attractive  to  a  great 
body  of  readers,  and  not  the  less  so  because  the  literary  or  scientific 
critic  will  discover  some  faults.  The  style  is  too  flowery  and  stilted 
to  deserve  commendation,  and  the  philosophy  is  often  presumptuous 
and  shallow ;  but  decided  cleverness  is  shown  in  the  selection  of 
topics,  and  in  sustaining  a  mode  of  treatment  that  is  well  adapted 
to  secure  popular  interest.  Books  of  this  class,  though  not  strictly 
scientific,  act  as  recruiting  sergeants,  and  bring  it  large  bodies  of 
volunteers.  They  ought,  therefore,  to  be  encouraged,  and  espe¬ 
cially  so,  when,  as  in  the  present  case,  the  illustrations  possess  far 
more  than  average  merit  both  for  beauty  and  accuracy. 

Elementary  Treatise  on  Physics,  Experimental  and 'Applied  ;  for 
the  use  of  Colleges  and  Schools.  Translated  and  Edited  fromGanot’s 
ic  Elements  de  Physique”  (with  the  Author’s  sanction),  by  E. 
Atkinson,  Ph.  D.,  E.C.S.,  Professor  of  Experimental  Science,  Royal 
Military  College,  Sandhurst.  Second  E diton,  revised  and  enlarged. 
Illustratedby  a  Coloured  Plate,  and  nearly  700  Woodcuts.  (Bailliere.) 
— -Mr.  Ganot’s  work  has  been  long  recognized  as  by  far  the  best 
text-book  on  physics ;  but  the  progress  of  scientific  discovery 
required  that  it  should  be  re-edited,  and  brought  down  to  date.  The 
present  edition  differs  from  Mr.  Atkinson’s  former  translation 
chiefly  in  additional  matter  of  this  description,  and  we  notice  a 
considerable  and  highly  valuable  extension  of  information  on  the 
subject  of  heat.  It  would  have  been  advisable  to  have  made  similar 
additions  to  the  sections  on  the  spectroscope,  which  are  still  left  too 
imperfect.  If  this  book  were  new,  we  should  devote  several  pages 
to  explaining  its  method,  and  commending  its  plan  and  style  ;  but  as 
in  its  former  edition  it  acquired  a  very  high  and  well-deserved 
reputation,  we  have  only  to  say  that  Professor  Atkinson’s  labours, 
as  shown  in  this  second  edition,  wTill  be  found  to  maintain  its  repu¬ 
tation  as  by  far  the  best  work  of  the  kind  for  schools,  colleges,  and 
private  students.  Mr.  Atkinson  will  observe  that  he  has  omitted  to 
make  the  necessary  correction  in  the  figures  representing  the 
velocity  of  light,  and  it  would  have  been  well  to  take  some  notice 
of  the  arguments  for  regarding  green  as  a  simple  colour. 

Handbook  of  Natural  Philosophy.  By  Dionysius  Lardner, 
D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  Astronomy 
in.  University  College,  London,  Electricity,  Magnetism,  and 
Acoustics.  Seventh  Thousand.  Revised  and  Edited  by  George 
Carey  Poster,  B.A.,  E.C.S.,  Professor  of  Experimental  Physics  in 
University  College,  London.  With  400  Illustrations.  (Walton 
and  Maberly.) — Looking  to  the  present  state  of  experimental 
science,  we  cannot  say  that  this  is  a  satisfactory  book,  nor  do  we 
see  that  any  re-editing  of  Dr.  Lardner’s  once  popular  treatise  could 
be  made  so.  Since  the  time  of  Dr.  Lardner’s  originally  composing 
this  manual,  the  conditions  of  electrical  science  have  materially 
changed,  and  the  relative  importance  of  various  pieces  of  apparatus, 
and  of  different  modes  of  demonstration,  have  greatly  altered.  If 
Professor  Poster  had  proposed  to  himself  the  task  of  preparing  a 
serviceable  manual  best  adapted  to  the  present  wants,  he  certainly 
would  not  have  attempted  to  achieve  this  purpose  by  a  new  edition 
of  Dr.  Lardner.  In  dealing  with  electricity  of  tension  he  would 
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have  given  in  his  treatise  the  same  predominance  to  coil  machines 
over  frictional  apparatus,  and  to  experiments  connected  therewith, 
that  they  actually  have  in  experimental  laboratories  and  lecture- 
rooms  ;  and  in  other  portions  of  the  work  an  arrangement  and 
method  quite  different  from  that  of  Lardner’s  would  have  been 
adopted.  No  doubt  the  present  work  contains  a  great  deal  of 
important  information,  but  in  the  course  of  nature  Lardner’s  book 
would  have  died  through  efflux  of  time,  and  no  editorial  galvanizing 
can  bring  it  up  to  the  mark  of  the  educational  books  usually 
issued  by  Messrs.  Walton  and  Maberly. 

Rain  and  Rivers  ;  or,  Hutton  and  Playfair  against  Lyell  and 
all  Comers.  By  Colonel  George  Greenwood.  Second  Edition. 
(Longmans.) — If  we  understand  Colonel  Greenwood’s  object,  it  is 
to  contend  that  marine  currents  have  had  nothing  to  do  with  hol¬ 
lowing  out  any  submerged  tract,  so  as  to  produce  a  configuration  of 
hill  and  valley,  and,  in  fact,  make  a  valley,  which  subaerial  influence 
might  deepen  and  modify  after  the  formation  had  been  elevated 
above  the  water  level.  Neither  Lyell  nor  any  other  geologist  that 
we  ever  heard  of  doubted  or  denied  the  subaerial  influence  of  run¬ 
ning  water  in  excavating  channels  and  modifying  surfaces  ;•  but  the 
accumulated  effects  of  rain  operating  through  long  ages  may  be 
often  underrated  in  particular  cases. 

A  Little  Rook  about  Learning  the  Pianoforte.  Written  and 
compiled  by  Emanuel  Aguilar.  (Groombridge  and  Sons.) — Mr. 
Aguilar  tells  us  that  “  this  little  book  is  intended  as  a  guide  and 
reference  to  those  who,  by  place  of  abode  and  other  circum¬ 
stances,  are  debarred  from  the  advantage  of  efficient  and  regular 
instruction,  but  is  not  designed  as  a  means  of  self-instruction  to  these 
altogether  ignorant  of  the  art,  nor  to  supersede  the  necessity  of  the 
assistance  of  teachers.”  The  first  chapter  of  the  book  contains 
well-selected  rules  and  remarks  by  great  composers  and  players  ;  and 
the  second, which  is  addressed  specially  to  teachers,  is  entitled  “  When 
andhowto  commence  learning  thePianoforte.”  The  when  Mr.  Aguilar 
answers  by  saying  that  “  when  a  child  knows  black  from  white,  can 
distinguish  the  right  hand  from  the  left,  knows  the  alphabet,  and  can 
count  to  seven,”  he  may  commence  the  study.  It  must  not,  how¬ 
ever,  be  supposed  that  so  able  a  musician  as  Mr.  Aguilar  contem¬ 
plates  anything  like  cruelty  to  infants,  in  forcing  either  their  fingers 
or  their  minds.  His  early  lessons  are  perfectly  easy,  and  would 
amuse  the  young  children  for  whom  they  are  designed,  as  well  as 
lay  a  foundation  for  flexibility  and  precision  in  using  their  fingers. 
Other  chapters  describe  the  mode  of  giving  more  advanced  lessons, 
and  we  should  say  the  work  is  admirably  adapted  to  assist  ladies 
in  instructing  their  children,  and  helping  governesses  into  judicious 
methods.  Much  misery  to  young  people,  and  ultimate  inaptitude 
for  decent  playing,  is  the  result  of  bungling  instruction,  and  many 
persons  who  can  play  with  considerable  proficiency  do  not  know 
how  to  teach.  With  Mr.  Aguilar’s  help,  any  one  who  can  play  cor¬ 
rectly  may  learn  how  to  adopt  a  good  method  of  elementary  teach¬ 
ing,  and  his  inexpensive  work,  which  presents  a  very  elegant 
appearance,  will,  no  doubt,  prove  of  extensive  use. 
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GEOLOGICAL  SOCIETY. — May  23. 

The  following  communications  were  read  : — 

“  Notes  on  the  Geology  of  Mount  Sinai.”  By  tlie  Rev.  E.  W. 
Holland.  The  physical  features  of  the  peninsula  were  described  as 
exhibiting  in  the  north  an  extensive  table-land  of  limestone  of 
Cretaceous  age,  supported  and  enclosed  on  the  south  by  a  long 
range  of  mountains  composed  of  syenite,  porphyries,  and  schistose 
rocks.  Near  Jebel  Serbal  is  a  mountain  of  Nummulitic  limestone  ; 
and  a  limestone,  apparently  of  more  recent  date,  occurs  near  Tor 
and  Ras  Mohammed.  The  author  further  stated  that,  in  some 
parts  of  the  peninsula  the  syenitic  mountains  are  capped  by  hori¬ 
zontal  beds  of  sandstone  of  considerable  thickness,  which  are 
unaltered  at  their  contact  with  the  syenite,,  This  sandstone  formed 
the  great  mining  district  of  the  Egyptians  in  Sinai,  and  is  now 
worked  for  turquoises ,  which  appear  to  occur  more  or  less  in  veins. 
Raised  beaches  were  discovered  by  the  author  on  the  western  side 
of  the  peninsula,  at  elevations  of  from  twenty  to  thirty  feet. 

“  On  a  New  Genus  of  Phyllopodous  Crustacea  from  the  Moffat 
Shales  (Lower  Silurian)  Dumfriesshire.”  By  Henry  Woodward, 
Esq.,  E.G.S.,  E.Z.S.  The  fossil  described  consists  of  the  disk¬ 
shaped  shield,  or  carapace,  of  an  Apus-like  Crustacean,  the  nearest 
known  form  to  it  being  Peltocaris  aptychoides ,  Salter,  from  which, 
however,  it  is  at  once  distinguished  by  the  absence  of  a  dorsal 
furrow.  A  line  of  suture  divides  the  wedge-shaped  rostral  portion 
of  the  shield  from  the  rest  of  the  carapace,  the  two  parts  being 
seldom  found  together.  From  their  strong  resemblance  to  Piscina , 
the  author  proposed  for  them  the  generic  name  Piscinocaris,  and 
named  the  species  Browniana ,  after  Mr.  D.  J.  Brown,  who  first  drew 
his  attention  to  it. 

“  On  the  oldest  known  British  Crab  Protocarcinus  longipes , 
(Bell,  MS.)  from  the  Forest  Marble  of  Malmesbury,  Wilts.”  By 
Henry  Wbodward,  Esq.,  F.G.S.,  F.Z.S.  The  author  stated  that 
three  genera  and  twenty-five  species  of  Brachyurous  Crustacea 
had  already  been  described  by  Prof.  Reuss  and  H.  Yon  Meyer  from 
the  Upper  White  Jura  of  Germany ;  but  as  no  limbs  or  abdominal 
segments  had  been  met  with,  it  was  more  doubtful  where  to  place 
them  than  the  species  now  described,  which  had  nearly  all  its  limbs 
in  situ ,  and  a  portion  of  the  abdomen  united  to  it.  Protocarcinus 
closely  resembled  the  common  spider-crabs — the  JSPaidce  and  Lepto- 
podiclce  living  on  our  own  coasts. 

ZOOLOGICAL  SOCIETY  OF  LONDON  . — June  12. 

A  communication  was  read  from  Dr.  H.  Dohrn,  Corresponding 
Member,  on  The  Birds  of  Prince’s  Island,  in  the  Bight  of  Benin. 

*  Matters  recently  brought  before  the  Eoyal  and  Astronomical  Societies  will 
be  amongst  the  “  Notes  and  Memoranda.” 
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The  species  enumerated  were  thirty- four  in  number,  amongst  which 
were  several  new  to  science. 

A  communication  was  read  from  Mr.  Jonathan  Couch,  of 
Polperro,  Cornwall,  giving  an  account  of  the  occurrence  of  Ausonia 
Ouvieri ,  a  fish  new  to  the  British  Fauna,  on  the  coast  of  that  count}^. 
Dr.  Gunther  contributed  some  notes  on  the  anatomy-  of  the  same 
fish,  which  presented  several  very  noticeable  peculiarities. 

Dr.  Murie  read  some  supplementary  notes  on  the  Red-bellied 
Monkey  ( Cercopithecus  erythrog  aster),  a  new  species  founded  by 
Dr.  Gray  upon  an  animal  lately  living  in  the  Society’s  Menagerie. 

Mr.  A.  D.  Bartlett  made  some  remarks  on  the  singular  bird  of 
prey  lately  transmitted  from  Damaraland  by  Mr.  Andersson,  and 
described  by  Mr.  Gurney  as  Stringonyx  Anderssoni ,  and  suggested  its 
identity  with  the  Mach aerhamplius  alcinus ,  described  some  years 
previously  by  Mr.  Westerman,  but  stated,  probably  erroneously,  by 
the  latter  author  to  have  been  received  from  Malacca. 


NOTES  AND  MEMORANDA. 

African  Elephants. — Two  small  but  very  interesting  specimens  of  the 
African  elephant  may  now  be  seen  in  the  Zoological  Gardens,  Regent’s  Park.  The 
formation  of  their  enormous  ears  is  very  striking.  Nearly  meeting  at  the  back  of 
the  neck,  and  hanging  down  close  to  the  shoulders,  they  look  like  a  close-fitting 
cape  through  which  the  head  protrudes.  The  animals  appear  very  good-tempered, 
and  are  very  willing  to  make  friends  with  the  visitors. 

Spores  op  Horsetails. — From' this  time  till  the  "autumn  the  horsetails,  or 
equisetacese  will  be  conspicuous  ornaments  of  damp  situations,  and  their  spores 
are  amongst  the  most  interesting  of  microscopic  objects.  If  a  ripe  head  of  a  fer¬ 
tile  horsetail  is  gently  shaken  over  a  sheet  of  white  paper,  a  number  of  minute 
green  bodies  will  be  seen  to  fall.  These  should  be  transferred  to  a  glass  slide, 
and  examined  with  a  magnifying  power  of  fifty  or  sixty  linear,  when  it  will  be 
perceived  that  each  spore  is  provided  with  four  filaments  expanded  at  the  ends. 
If  quite  fresh,  these  filaments  will  probably  be  in  motion.  By  breathing  upon 
them  they  contract  close  round  the  spores,  and  if  watched  for  a  few  seconds,  they 
will  be  seen  to  dart  out  again  vigorously  as  the  moisture  which  induced  their  con¬ 
traction  evaporates. 

Huggins  on  Stjn  Granules. — Mr.  Huggins  prefers  “  granules  ”  to  other 
designations  of  the  bodies  which  have  been  compared  to  “  willow  leaves,”  “rice 
grains,”  etc.,  because  it  assumes  nothing  as  to  their  exact  form  or  precise  charac¬ 
ter.  .  In  parts  of  the  sun  free  from  disturbing  currents,  Mr.  Huggins  finds  these 
bodies  look  like  rice  grains  under  powers  of  about  100  ;  but  with  greater  magnifi¬ 
cation  the  apparent  regularity  of  their  size  and  shape  disappears  to  a  great  extent. 
Many  were  round,  but  others  are  irregular,  and  they  are,  as  a  rule,  bounded  by 
broken  outlines.  Could  they  be  seen  more  closely,  Mr.  Huggins  believes  they 
would  be  as  “  wddly  rugged”  as  our  clouds.  In  size  they  are  about  1”  in  diameter 
when  round,  and  about  1".5  when  oval.  Many  were  found  less  than  1",  and  some 
as  much  as  2”  or  3”.  Mr.  Huggins  gives,  in  Monthly  Notices ,  a  very  curious 
sketch  of.  the  patterns  formed  by  groups  of  these  bodies.  In  one  case  three  rows 
are  arranged  in  a  long  oval,  a  little  constricted  in  the  middle,  the  centre  being 
occupied  by  other  granules  more  thinly  scattered.  He  supposes  the  granules  to 
be  “recently  condensed  incandescent  clouds;  that  they  slowly  sink,  merge  into 
each  other,  become  less  and  less  luminous,  and  gradually  dissipate  into  compara¬ 
tively  non-luminous  gas.”  The  dark  pores,  according  to  this  theory,  are  spots 
where  complete  evaporization  has  taken  place. 
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Chacobnac  on  the  Moon. — We  are  indebted  to  M.  Chacornac  for  a  paper 
on  the  moon,  and  for  a  11  JNotiee  sur  la  Constitution  Physique  du  Soleil.”  The  con¬ 
sideration  of  the  latter  we  must  postpone.  The  former  details  an  important  dis¬ 
covery  arrived  at  by  the  use  of  a  powerful  telescope,  and  apolariscope  eye-piece. 
He  finds  that  certain  spots  in  the  moon  which  correspond  in  tint  and  in  lumi¬ 
nosity  under  direct  illumination,  differ  considerably  under  oblique  illumination. 
This  indicates  a  difference  in  the  roughness  of  the  surfaces  in  question,  and  in  the 
proportion  of  polarized  light  which  we  receive  from  them.  M.  Chacornac  speaks 
of  the  light  rays  from  lunar  craters  as  indicating  “pulverulent  ejections,”  and 
supposes,  from  the  distances  to  which  they  have  been  thrown,  that  the  eruptions 
occurred  in  vacuo.  He  is  also  of  opinion  that  the  surface  of  the  moon  bears 
traces  of  former  tidal  action,  and  degradation  of  crater  walls,  etc.,  by  such  means. 
He  finds  traces  of  tidal  action  higher  than  the  present  seas,  and  specially  signal¬ 
ized  the  crater  Julius  Cmsar,  demolished  on  its  northern  side,  as  exemplifying  its 
force. 

Maeey  ON  Mttscttlae  Contkaction. — Mr.  M'arey  has  invented  an  instru¬ 
ment  on  the  plan  of  his  sphygmograph,  which  he  calls  a  myograph,  and  which 
makes  a  drawing  to  indicate  the  movements  of  muscular  fibres  in  their  contrac¬ 
tions.  A  muscular  shock  (secou-sse  musculaire)  imparts  a  wave  motion  to  the 
fibres.  If  a  shock  is  prolonged  till  the  muscle  is  fatigued,  the  waves  lose  their 
amplitude,  and  finally  become  extinct.  A  slow  succession  of  shocks  is  marked 
by  long  ascending  lines  and  short  descending  ones ;  a  quick  succession  leads  to 
equality  in  the  ascending  and  descending  lines  ,•  and  when  the  shocks  are  too  quick 
for  healthy  action — more  than  thirty-two  per  second — a  tetanic  condition  super¬ 
venes,  and  a  straight  line  replaces  the  waved  line 

New  Mammal  feom  China.— A  French  missionary,  M.  Armand  David, 
having  sent  home  skins,  etc.,  of  the  mi-lou,  or  sseu-pou-siang,  a  large  sort  of  stag, 
M.  Alp.  Milne  Edwards  describes  it  to  the  French  Academy.  The  second 
Chinese  name  we  have  given  means  “  the  four  discordant  characters,”  the  crea¬ 
ture  resembling  a  stag  in  its  horns,  a  cow  in  its  feet,  a  camel  in  its  neck,  and  an 
ass  in  its  tail!  The  horns,  which  belong  only  to  the  male,  are  large  and  branched,, 
but  differ  in  some  important  particulars  to  the  antlers  of  the  stag.  The  fur  is 
rough  and  grey,  with  a  black  line  on  the  back  and  breast.  The  tail,  instead  of 
being  short  and  thick,  as  is  common  with  stags,  is  very  long,  and  terminates  in  a 
tuft  of  long  hair.  The  mi-lou  is  as  big  as  a  large  stag.  Herds  of  them  live  in 
an  imperial  park  some  distance  from  Pekin,  but  the  Chinese  do  not  know  where 
they  came  from,  or  on  what  date  they  first  arrived.  M.  David  thinks  that  Hue 
and  Gfabet  spoke  of  the  mi-lou  in  describing  “ rein-deer”  which  they  saw  beyond 
Koukou-noor,  about  lat.  36°.  M.  Milne  Edwards  proposes  to  call  the  creature 
Elaphurus  Davidiorris. 

Mb.  Huggins  on  the  “New  Stab”  in  Coeonhl— In  our  last  number  we 
gave  an  account  of  the  spectroscope  discoveries  made  by  Mr.  Huggins  in  his 
examination  of  the  so-called  “  new  star.”  In  a  paper  in  the  Proceedings  of  the 
Royal  Society ,  he  says,  the  appearances  “  suggest  the  rather  bold  speculation,, 
that  in  consequence  of  some  vast  convulsion  taking  place  in  this  object,  large 
quantities  of  gas  have  been  evolved  from  it,  that  the  hydrogen  present  is  burning 
by  combination  with  some  other  element,  and  furnishes  the  light  represented  by 
the  bright  lines :  also  that  the  flaming  gas  has  heated  to  vivid  incandescence  the 
solid  matter  of  the  photosphere.  As  the  hydrogen  becomes  exhausted,  all  the 
phenomena  diminish  in  intensity,  and  the  star  rapidly  wanes.  In  connection  with 
this  star,  the  observations  which  we  made  upon  the  spectra  of  a  Orionis  and  j3 
Pegasi,  that  they  contain  no  absorption  lines  of  hydrogen,  appear  to  have  some 
new  interest.  The  spectra  of  these  stars  agree  in  their  general  character  with 
the  absorption  spectrum  of  the  new  star.  The  whole  class  of  white  stars  are 
distinguished  by  having  hydrogen  lines  of  extraordinary  force.  .  .  .  The 

spectra  of  several  of  the  more  remarkable  of  the  variable  stars,  namely,  those 
distinguished  by  an  orange  or  ruddy  tint,  possess  a  close  general  accordance  with 
those  of  a  Orionis  /3  Pegasi,  and  the  absorption  spectrum  of  the  remarkable 
object  described* in  this  paper.” 
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Animal  Electricity. — Dr.  C.  B.  Badcliffe  describes,  in  the  Proceedings  of 
the  Poyal  Society ,  his  success  in  obtaining  indications  of  statical  electricity  from 
living  blood,  nerve  tissue,  and  muscular  fibre,  by  the  employment  of  gold  leaf 
electroscopes. 

Beproduction  oe  Aphides. — M.  Balbiani,  in  Comptes  Pendus ,  contends 
that  the  aphides  or  plant  lice  are,  as  Leeuwencek  supposed,  hermaphroditic, 
while  they  are  viviparous  ;  and  he  promises  in  another  paper  to  show  how  they 
pass  into  the  oviparous  condition.  Male  and  female  elements  are,  he  affirms, 
developed  from  certain  ovules,  which  he  describes.  The  subject  requires  the  aid 
of  good  drawings  for  its  elucidation,  and  none  are  given. 

A  Hunger-suspending-  Plant. — The  power  of  the  Hrythroxylon  coca,  of 
Peru,  to  suspend  the  ordinary  demand  for  food,  and  enable  considerable  exertion 
to  be  undertaken  in  its  absence,  has  been  long  known.  M.  Bossi  writes  to  the 
Corresyondenza  Scientifica  in  Poma  a  letter  which,  Cosmos  says,  undertakes  to 
show  how  men  may  live  in  robust  health  for  several  days  without  food.  M. 
Bossi  describes  his  own  experience,  and  it  appears  that,  after  taking  a  decoction 
of  the  leaves  of  the  plant,  no  hunger  nor  thirst  is  felt  for  forty-eight  hours. 

Prop.  J.  Clark  on  the  “Trichodina  Pedicularis.” — The  well-known 
animalculse  so  often  found  running  about  fresh-water  polyps,  is  the  subject  of  a 
paper  by  Prof.  James  Clark,  which  will  be  found  in  the  Annals  of  Natural  His¬ 
tory, ,  He  affirms  that  the  drawings  of  Elirenberg,  Dujardin,  etc.,  represent  the 
creature  in  an  abnormal  condition  ;  but  the  drawings  he  gives  differ  considerably 
from  the  usual  appearance  of  the  creature  as  seen  in  this  country.  He  says,  “  it 
has  a  deep  cyathiform,  or  dice-box  shape,  with  an  irregularly  and  longitudinally 
furrowed  splicated  exterior.  There  is  no  disk,  or  it  is  represented  by  the 
depressed  cupuliform  area,  which  is  bordered  by  the  vibratory  crowm.  The 
peristome  is  not  a  closed  circle,  as  in  vorticellidse  proper,  but  follows  the  spiral 
course  of  the  vibratory  crown,  and  vanishes  near  the  aperture  of  the  vestibule. 
The  vibratory  crown  consists  of  a  single  row  of  vibrating  cilia,  which  winds  along 
the  margin  of  the  spiral  dexiotropic  peristome  just  at  the  edge  of  the  cupuliform 
disk,  and  descends  tbence  to  the  left  of  the  vestibuiator  aperture,  and  entering  it, 
plunges  to  the  bottom  of  the  vestibule  in  an  unbroken  line.”  The  vestibular 
lash  or  bristle,  described  by  some  authors  he  calls  an  optical  illusion.  “The 
so-called  adherent  organ  consists  of  a  distinct  separable  annular  border,  whose 
opposite  faces  are  dissimilarly  striated  by  perfectly  straight  transverse  ridges; 
secondly,  of  a  complicated  circle  of  disseverable  hooks,  which  are  applied  to  the 
posterior  face  of  the  striated  annular  border  along  its  proximate  edge  ;  and 
thirdly,  of  a  series  of  T  shaped  radii,  which  lie  one  by  one  opposite  the  several 
hooks,  and  converge  towards  the  axis  of  the  basal  plane  of  the  body.  The  vesti¬ 
bule  and  oesophagus  are  un-marked.  .  .  .  The  vestibule  opens  near  the 

cilia- crowned  margin  of  the  sunken  cupuliform  disk.  The  anus  opens  into  the 
vestibule,  a  short  distance  from  the  mouth.  The  contractile  vesicle  performs  its 
systole  once  in  fifteen  seconds.  The  reproductive  organ  is  a  knotted  band,  and 
lies  in  the  form  of  a  crescent  near  the  base,  and  transverse  to  the  longitudinal 
axis  of  the  body.”, 
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Abnormal  form  of  the  globe  of  Sa¬ 
turn,  250. 

Action  of  certain  metals  on  a  strong 
solution  of  chlorine,  398. 
Aeronautical  Society  of  Great  Britain, 
239,  310. 

Africa,  M.  du  Chaill u’s  travels,  78. 
African  Elephants,  478. 

Agamic  reproduction  in  an  acarus, 
320. 

Agarics,  93. 

Air-bladder  of  fishes,  36. 

Airey  on  tide  friction,  399. 

Akera  bullata,  342. 

Alio  tropic  states  of  oxygen,  316. 

Alps,  lunar,  63. 

Amazonian  fishes,  158. 

Amygdaloidal  formations,  process  of, 
449. 

Anatomy  of  the  vertebrates,  305. 
Ancient  figures  of  animals,  142. 
Aneroid  barometers  for  mines,  15. 
Anglian  period,  74. 

Anglo-Saxon  cemetery,  394,  473. 
Aniline,  414. 

Aniline  black,  147. 

Aniline  dyes,  415. 

Animal  electricity,  480. 

Animal  force  and  animal  food,  452. 
Ansell’s  fire-damp  indicator  diffusio- 
meter,  11. 

Anthropological  Review,  152,  307. 
Anthropological  Society,  154,  304. 
Antiquarian  remains,  470. 

Antiquaries  of  Scotland,  Society  of, 
394. 

Aphides,  reproduction  of,  480. 
Application  of  electricity  to  sounding 
at  sea,  146. 

Application  of  recent  scientific  disco¬ 
veries  to  the  useful  arts,  182,  407 . 
Aquatic  plants,  353. 

Aquarium,  studies  of  Triton  cristatus, 
192. 
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Aquarium  for  Newts,  192. 

Archseologia,  73, 142, 226, 302, 392, 470. 

Arch^ologua. — Early  barrows,  73  ; 
Kirkhead  bone-cave,  77 ;  inscribed 
stones  and  rocks,  142 ;  Great  Trili- 
thon  at  Stonehenge,  143 ;  collec¬ 
tion  of  antiquities,  143 ;  disco¬ 
very  of  human  skeletons,  226  ;  mural 
paintings,  227  ;  Archaeological  So¬ 
ciety,  228  ;  Archaeological  Congress, 
228  ;  photography  in  archaeological 
objects,  302 ;  Newton  stone,  303  : 
primeval  interments,  304 ;  barrows 
in  Cumberland,  392  ;  Roman  coins 
at  Caesar’s  camp,  393  ;  habitations 
and  sepultures  of  the  early  rude 
races,  394 ;  Anglo-Saxon  cemetery, 
394 ;  Roman  gridiron,  394 ;  anti¬ 
quarian  remains,  pit  dwellings,  470  ; 
Thor’s  cave,  471 ;  Roman  inscribed 
sepulchral  monument,  473  ;  Anglo- 
Saxon  cemetery,  473  ;  peat  mosses  of 
Slesvig,  474. 

Archaeological  Congress,  278. 

Archaeological  objects  photographed, 
302. 

Archaeological  Societies,  278. 

Argus  t),  changes  of,  425. 

Aristoteles  and  Eudoxus,  59. 

Arran  Isles,  343. 

Arvicolas,  or  field  mice,  162. 

Aseroe,  a  group  of  fungi,  405. 

Astronomy. — Lunar  details,  occupa¬ 
tions,  56  ;  comets,  64  ;  Astronomical 
Society,  78  ;  spectra  of  comet,  79 ; 
new  planet,  80 ;  newly-recognized 
force  disturbing  the  moon,  80 ; 
Biela’s  comet,  80 ;  detonating  me¬ 
teors  of  February  and  November, 
99 ;  comparative  geology  of  earth 
and  moon,  135  ;  spectrum  of  Tern- 
pel's  comet,  157  ;  Auroral  arches, 
15S ;  Biela’s  comet,  158;  Orion 
nebulae,  158 ;  sun  spots,  159 ;  size 
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of  star  discs,  159  ;  celestial  photo¬ 
graphy,  160;  lunar  details,  clusters 
and  nebulae,  crimson  star,  occulta- 
tions,  173;  star  maps,  204;  photo¬ 
metry,  238  ;  Saturn,  variable  stellar 
light,  occultations,  247 ;  lunar 
eclipses,  267  ;  Biela’s  comet,  318 ; 
Spectra  of  (a)  Orionis  and  Sirius, 
318 ;  companion  of  Antares,  318 ; 
Daubree  on  Meteorites,  320  ;  Planet 
Saturn,  366  ;  new  star,  382  ;  com¬ 
panion  to  Sirius,  399  ;  companion  to 
Antares,  399 ;  Guillemin’s  “  The 
Heavens,”  400  ;  popular  astronomy, 
421 ;  planet  Saturn,  466 ;  sun  gran¬ 
ules,  478  ;  Cbacornac  on  the  moon, 
479  ;  new  star  in  Corona,  479. 

Astronomy,  popular,  421. 

Astronomical  Society,  78. 

Atlantic  cable,  17. 

Atmospheric  pressure,  184. 

Auroral  arches,  7th  February,  158. 

Barks  of  different  genera  of  myrtaceje, 
244. 

Barrows  in  Cumberland,  392. 

Basic  rocks,  450. 

Beaver  and  musk-rat  differences,  165. 

Belts  of  Saturn,  252. 

Benzol,  414. 

Bessemer  process  of  puddling,  188. 

Biela’s  comet,  80,  158,  318. 

Binocular,  Powell  and  Lealand’s  new, 
225. 

Binocular,  Wenham’s  new,  282. 

Birds  of  Prince’s  Island,  477. 

Blacklead,  substitute  for,  in  electrotype 
process,  231. 

Bohemian  chatterer,  346. 

Boring  polyzoa,  400. 

Botany. — Truffles  and  Morels,  28 ; 
Fever  plant,  79  ;  notes  on  fungi,  Ho. 
Y.,  ferruginous-spored  agarics,  93  ; 
ferns  in  Cornwall,  111 ;  floral  immi¬ 
gration  at  Mitcham,  284;  Conne¬ 
mara,  334 ;  new  facts  in  botanical 
geography,  358;  egg  fungi,  401; 
spores  on  horsetails,  478 ;  hunger- 
suspending  plant,  480. 

Botanical  geography,  358. 

Bread,  to  test  purity  of,  316. 

Browning’s  reflective  telescope,  276. 

Bunsen  battery  improved,  315. 

Byssus,  notes  on,  53. 


Carbonic  acid  and  muscular  exertion, 
457. 

Cacti,  prickles  of  at  Osoyoos  Lake,  166. 
Carburets,  origin  of,  which  constitute 


some  of  the  principal  sources  of  our 
fuel  and  lighting  materials,  397. 

Carboniferous  slate,  237. 

Castaway  on  the  Auckland  Isles,  153. 

Catalogue  of  works  on  the  microscope, 
151. 

Cedar  Bird  of  America,  348. 

Celestial  photography,  160. 

Cement,  new,  72. 

Chacornac  on  the  moon,  479. 

Chara,  physiology  of,  353. 

Chemical  and  luminous  intensity,  240. 

Chemistry. — Petroleum,  68  ;  valuable 
application  of  magnesia,  68  ;  test  for 
cane  and  grape  sugar,  69 ;  colours 
produced  by  photography,  70 ;  de- 
sulphuration  of  coal  gas,  71  ;  test  of 
gum  arabic  dextrine,  72  ;  imperfect 
combustion  a  source  of  acetylene, 
144 ;  improvements  in  electro-metal¬ 
lurgy,  144  ;  nitro-glycerine,  dangers 
attending,  145 ;  separating  cobalt 
from  nickel,  146 ;  manufacturing 
sulphuric  acid,  147 ;  aniline  black, 
147 ;  mode  of  obtaining  odoriferous 
principles  of  flowers,  231  ;  substi¬ 
tute  for  black  lead  in  electrotype 
process,  231 ;  new  application  of 
tannin,  232  ;  metallic  soaps,  232  ; 
violet  subchloride  of  silver,  233 ; 
chemistry  for  students,  234  ;  chemi¬ 
cal  and  luminous  intensity,  240  ; 
Gassiot’s  electrical  researches  with 
vacuum  tubes,  289  ;  economic  pre¬ 
parations  of  citric  acid,  312;  new 
application  of  theine,  313  ;  mode  of 
separating  silver  from  lead,  313 ; 
application  of  turnips  to  dyeing,  313  ; 
gelatinous  phosphate  of  lime,  314; 
new  solvents  for  gold,  315  ;  new  ap¬ 
plication  of  chloroform,  316  ;  allo- 
tropic  states  of  oxygen,  316 ;  new 
industrial  aplication  of  hydrofluoric 
acid,  316 ;  chemical  action  of  pan¬ 
creatic  juice,  318  ;  crystallization  at 
various  temperatures,  simple  mode 
of  obtaining  soda  from  common 
salt,  396 ;  substitute  for  gunpowder, 
397 ;  origin  of  carburets  which  con¬ 
stitute  fuel  and  lighting  materials, 
398  ;  action  of  metals  on  solution  of 
chlorine,  398  ;  paraffin  for  preserving 
animal  substances,  fluorescence,  399  ; 
Animal  electricity,  480. 

Chemistry  for  students,  234. 

Chemical  action  of  pancreatic  juice, 
318. 

Chloroform,  new  application  of,  316  . 

Citric  acid,  economic  preparations,  312* 

Clamor-ASstus,  or  tide  shriek,  361. 

Clathrus,  a  group  of  fungi,  403. 
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Clusters  and  Nebulse,  175. 

Coal  gas,  desulphuration  of,  71. 
Coast-warnings,  new,  362. 

Coins,  registration  of,  445. 

Colaptes,  species  of,  in  Columbia,  330. 
Collection  of  antiquities,  143. 

Colliery  explosion,  1. 

Colourization  of  photographs  by  means 
of  polarized  light,  313. 

Colours  produced  by  photography,  70. 
Colour  of  Saturn’s  dark  ring,  373. 
Columbia,  scenery  and  products  of,  322. 
Colville  valley,  324. 

Combustion,  407. 

Combustion  of  muscles  insufficient  for 
prolonged  muscular  exertion,  456. 
Comets,  64. 

Compact  rocks,  448* 

Companion  to  Antares,  318,  399. 
Companion  to  Sirius,  399. 

Comparative  geology  of  the  earth  and 
moon,  135. 

Complementary  colours,  148. 
Connemara,  334. 

Conducting  power  of  cable,  23. 
Contributions  to  natural  history,  152. 
Copernicus,  173. 

Cornwall  ferns  and  minerals,  111. 
Corvus  splendens,  or  Indian  crow,  104. 
Cotta  on  rocks,  448. 

Crab,  oldest  known  British,  477. 
Craters,  57. 

Craters  of  Mount  Etna,  126. 
Crepidotus,  species  of  Agaric,  98. 
Crimson  star,  176. 

Crossbills,  345. 

Crow,  Indian  species  of,  104. 

Crustacea  at  Connemara,  340. 
Crystallization  at  various  temperatures, 
320. 

Cycloscope,  311. 

Daguerreotype  application  of  yellow 
light,  229. 

Daguerreotypes  on  copper,  396. 
Daguerreotypes  on  silvered  glass,  397. 
Dark  ring  of  the  planet  Saturn,  371. 
Daubree  on  meteorites,  320. 

Davy’s,  Humphrey,  lamp,  6. 

Dead  earth,  a  term  in  telegraphy,  25. 
Deaths  in  mines,  3. 

Deceptive  figures,  223. 

Dendrodont,  tree-toothed  fish,  38. 
Desulphuration  of  coal  gas,  71. 
Detonating  meteors  of  Eebruary  and 
November,  99. 

Development  of  the  ovum  of  the  com¬ 
mon  newt,  triton  cristatus,  192. 
Diamond,  variable,  400. 

Diatoms,  Schultze’s  artificial,  442. 


Dictyophora  fungi,  404. 

Dictionary  of  science,  literature,  and 
art,  236. 

Dimensions  of  dark  ring,  373. 
Dimensions  of  Saturn,  366. 

Dioscorea,  358. 

Dodo,  osteology  of,  77. 

Domes  formed  by  volcanic  eruptions, 
137. 

Dumas’  electric  light  for  mines,  9. 
Dyeing,  application  of  turnips  to  the 
process,  314. 


Eccentricity  of  the  ring  of  Saturn, 
467. 

Egg  fungi,  401. 

Eggs  of  the  wax-wing,  346. 

Electrical  researches  with  vacuum  tubes, 
289. 

Electrical  repulsion,  230. 

Electric  discharge,  81. 

Electric  regulation  of  temperature, 
229. 

Electrical  machine,  70. 

Electricity,  application  to  sea  sounding, 
146. 

Electro-metallurgy,  144,  190. 

Electrotype  process,  191. 

Elementary  treatise  on  physics,  experi¬ 
mental  and  applied,  475. 

Elephants,  African,  478. 

Ellipticity,  or  polar  flattening  of  Saturn, 
249. 

Entomology. — Hawk  moth,  39  ;  mus¬ 
cular  power  of  insects,  80  ;  mouth  of 
a  louse,  239  ;  times  and  appearance 
of  lepidoptera,  319  ;  agamic  reproduc¬ 
tion  in  an  acarus,  320 ;  reproduction 
of  aphides,  480. 

Entomostraca  of  Connemara,  340. 

Engraving  on  glass,  159. 

Equigraphic  projections  of  the  globe, 
429. 

Equisetums,  spores  of,  478. 

Eriocaulon  septangulare  found  in  Con¬ 
nemara,  338. 

Eruption  of  Mount  Etna,  268. 

Eruptions  at  Santorin,  317. 

Erythroxylon  coca,  480. 

Ethnology.  —  Pre-historic  men  in 
France,  132  ;  the  negro,  155. 

Eucalypti,  flowers  of,  244. 

Eudoxus  and  Aristoteles,  59. 

Evaporating  liquids,  economic  mode  of, 
234. 

Exploration  of  the  Biver  Pur&s,  238. 

Explosive  power  of  nitro-glycerine, 
464. 

Extincteur  as  an  aneesthetic,  239. 

Eyes  of  fishes,  38. 
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Ferns  and  minerals  of  Cornwall,  111. 

Ferruginous-spored  agarics,  93. 

Fever  plant,  79. 

Filices  of  Cornwall,  111 ;  of  Conne¬ 
mara,  334. 

Fire-damp,  1. 

Fish  culture,  85,  209. 

Fish  hatching,  purifying  water  for,  80. 

Fish,  new,  478. 

Fishes,  sight  and  hearing  of,  3G. 

Flatnmula,  species  of  agaric,  96. 

Flickers  and  woodpeckers,  330. 

Flora  and  fauna  of  Connemara,  334. 

Floral  immigration  at  Mitcham,  284. 

Fluor  spar,  442. 

Fluorescence,  399. 

Fluorine,  442. 

Fog  warning  for  the  coast,  361. 

Food  of  the  musk-rat,  171. 

Foods,  relative  values  of,  tested  bj  ex¬ 
periments,  459,  460. 

Formation  of  a  new  island  near  the 
Kaimeni  Islands,  236,  309. 

Fossil  British  oxen,  308. 

Fossil  lizard  in  Copal,  80. 

Fructification  of  fish,  91,  216. 

Fructificating  organs  of  nitella,  355. 

Fungi,  93. 

Fungi,  egg,  401. 

Fungi,  hypogseous,  truffles,  29. 

Galera,  species  of  agaric,  97. 

Gales  of  November  and  December,  ! 
1865,  198. 

Galvanic  battery,  315. 

Galvanic  experiments,  148. 

Galvanometers,  18. 

Gassiot’s  electrical  researches  with 
vacuum  tubes,  289. 

Gassiot’s  experiments,  81 . 

Gelatinous  phosphate  of  lime,  314. 

Genus  Eucalyptus,  241. 

Genus  of  phyllopodous  Crustacea,  from 
the  Moffat  shales,  477. 

Geographical  botany,  notes  on,  360. 

Geological  magazine,  151. 

Geological  position  of  oil-bearing  de¬ 
posits  in  New  South  Wales,  309. 

Geological  society,  155,  236,  308,  395, 
477. 

Geology. — Notes  on  the  comparative  ! 
geology  of  the  earth  and  moon,  135  ; 
eozoon,  155 ;  Structure  and  affinities 
of  eozoon  canadense,  155  ;  formation 
of  a  new  island  among  the  Kaimeni 
islands,  236,  309 ;  carboniferous  slate 
of  North  Devon  and  South  Ireland, 
237  ;  fossil  British  oxen,  308 ;  geo¬ 
logical  position  of  oil-bearing  deposits 
in  New  South  Wales,  309 ;  Conne- 
mera,  344  ;  interval  of  time  between 


formation  of  upper  and  lower  valley 
gravel  of  England  and  France,  395  ; 
gravel  and  drifts  of  Fenland,  395 ; 
geology  of  the  lake  country,  395  ; 
Cotta  on  rocks,  448 ;  notes  on  the 
geology  of  Mount  Sinai,  477 ;  new 
genus  of  phyllopodous  Crustacea  from 
the  Moffat  shales,  477  ;  British  crab 
from  forest  marble  of  Malmsbury, 
477. 

Geology  of  earth  and  moon,  135. 
Geology  of  Mount  Sinai,  477. 

Globe  of  Saturn,  249. 

Goitre,  cause  of,  240. 

Gold,  solvents  for,  315. 

Granular  rocks,  448. 

Grappling  a  submerged  cable,  25. 
Guillemin’s  “The  Eteavens,”  400. 

Gum  Arabic  and  dextrine,  72. 
Gunpowder,  substitute  for,  397. 
Gyrogonites,  357. 

Habitations  and  sepultures  of  the 
early  rude  races,  394. 

Hairy  feathered  birds,  331. 

Handbook  of  natural  philosophy,  475. 
Harmonies  of  nature,  474. 

Hatching  salmon,  87,  209. 

Hawk  moth,  39. 

Hearing  of  fishes,  38. 

Heart,  structure  of  reptilian,  197. 
Hebelonia,  species  of  agaric,  95. 
Highley’s  pocket  stand  microscope,  391. 
High  temperatures  produced  by  gas, 
148. 

Hind’s  crimson  star,  176. 

Hollow  stay  bars  for  steam  boilers,  232. 
Homological  anatomy,  35. 

Household,  the,  152. 

Houses  of  musk  rats,  167. 

Huggins  on  sun  granules,  478. 

Human  skeletons,  226. 

Humming-bird  liawk-moth,  39. 

Hunger  suspending  plant,  4S0. 
Hydrofluoric  acid,  316. 

Hydnobolites  cerebriformis.  31. 
Hymenogaster  carotoecolor,  30. 

Ianthina,  the  float  of,  317. 

Igneous  rocks,  449. 

Illuminator,  Professor  Smith’s,  239. 
Illusions,  optical,  224. 

Imperfect  combustion,  a  source  of  ace¬ 
tylene,  144. 

Indian  birds,  102. 

Induction  electrical  machine,  70. 
Inocybe,  species  of  agaric,  95. 

Inscribed  stones  and  rocks,  142. 

Ireland  and  Spain  formerly  united,  337, 
Iridiscope,  315. 
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Kettle  falls,  323. 

King  crow  of  India,  106. 

Kirkliead  bone-cave,  77. 

Kites  in  India,  103. 

Lava  currents  of  Mount  Etna,  131. 

Liebig’s  theory  of  muscular  power, 
455. 

Lepidoptera,  times  of  appearance,  319. 

Life  and  death  in  our  mines,  1. 

Light  and  heat,  how  generated,  424. 

Lighthouses,  cheap  substitute  for,  365. 

Literary  notices,  149,  305,  474. 

Little  book  about  learning  the  piano¬ 
forte,  476. 

Lizard  downs,  Cornwall,  120. 

Logan  rock,  123. 

Lunar  Alps,  wedged  shaped  valley  of, 

Lunar  details,  clusters  and  nebulae, 
crimson  star,  occultations,  173. 

Lunar  details,  occultations,  56. 

Lunar  eclipse  of  31st  March,  1866, 
267. 

Lunar  elevations,  56. 

Lunar  geology,  135. 

Lysurus,  egg  fungus,  405. 

MACEOGLOSSA,the  humming-bird  moth, 
40. 

Magnesia,  valuable  applications,  68. 

Maiden  hair  fern,  124. 

Mammal,  from  China,  479. 

Mammoth,  discovery  of  an  entire,  240. 

Manna  of  Eucalypti,  245. 

Mare  serenitatis,  56. 

Marine  telegraphy,  17. 

Mastodon  and  the  elephants,  239. 

Memorial  pillars  of  Arran,  344. 

Menziezia  polifolia,  337. 

Metallic  soaps,  new  application,  232. 

Meteorites,  Eaubree,  on,  320. 

Meteorological  observations  at  the  Kew 
Observatory,  47,  293. 

Meteors,  detonating,  99. 

Microscopy. — Legal  use  of  the  micro¬ 
spectroscope,  240 ;  Mr.  Wenham’s  new 
binocular,  282 ;  micro-spectroscope  in¬ 
vestigations,  291 ;  microscopes,  new, 
311 ;  new  optical  instrument,  315  ; 
Morris’  rotating  object-holder,  318  ; 
Highley’s  pocket  stand  microscope, 
391 ;  binocular  vision,  395 ;  photo¬ 
micrographs,  419. 

Microscope,  pocket  stand,  391. 

Microscopical  Society,  311,  395. 

Micro-spectroscope  investigations,  291. 

Micro-spectroscope,  legal  use  of,  240. 

Milvus  govinda,  or  common  kite  of 
India,  103. 

Mi-lou,  a  new  mammal,  479= 


Minerals  and  ferns  of  Cornwall,  111. 

Mines,  life  and  death  in  our,  1. 

Mint,  coining  operations  and  registra¬ 
tion  of  coins,  446. 

Mirror  galvanometers,  81. 

Mode  ot  obtaining  the  odoriferous  prin¬ 
ciples  of  flow  ers,  231. 

Modern  explosive  compounds,  461. 

Mollusca ;  threads  fastening  them  to 
rocks,  53. 

Moneys,  manufacture  of,  at  Mint,  445. 

Monkey,  red-bellied,  478. 

Mont  Cenis,  tunnel  of,  185. 

Moon,  newly  recognised  force  dis¬ 
turbing  the,  80. 

Moon  photograph,  Brothers’,  240. 

Morels  and  truffles,  28. 

Motion  converted  into  heat,  315. 

Mount  Etna,  winter  visit  to,  125. 

Mouth  of  the  louse,  239. 

Mud-rats,  168. 

Mural  paintings  at  Clifie,  227. 

Muscular  contraction,  479. 

Muscular  origin  of  Byssus,  54. 

Muscular  power,  source  of,  455. 

Muscular  power  of  insects,  80. 

Muscular  substance,  453. 

Musk  rats  as  builders  and  miners,  161. 

Myna,  an  Indian  bird,  103. 

Natural  History,  including  Zo¬ 
ology.— Owen  on  the  vertebrates, 
33  ;  humming-bird  hawk-moth,  39 ; 
bones  discovered  at  Mauritius,  77  ; 
fossil  lizard,  80 ;  fish  hatching,  80  ; 
fish  culture,  85  ;  notes  on  common 
Indian  birds,  102 ;  sea-side  studies 
in  Natural  History,  149  ;  contribu¬ 
tions  to  Natural  History,  152  ;  In¬ 
stitute  of  Natural  History,  154 ;  the 
negro,  154 ;  supplementary  eyes  in  a 
fish,  158  ;  Amazonian  fishes,  158 ; 
musk-rat,  161 ;  common  newt,  192  ; 
fish  culture,  209 ;  anatomy  of  the 
vertebrates,  305 ;  Australian  birds, 
310 ;  North  Western  woodpeckers, 
321  ;  zoological  discoveries  in  Con¬ 
nemara,  335 ;  waxwing,  pine  gros¬ 
beak,  and  crossbills,  345  ;  vocal 
powers  of  fish,  399 ;  birds  of  Prince’s 
Island,  477 ;  new  fish,  478 ;  red- 
bellied  monkey,  478  ;  bird  of  prey, 
478  ;  African  elephants,  new  mam¬ 
mal  from  China,  479. 

Nanonia,  a  swimming  hydroid,  150. 

Nature  and  properties  of  fire-damp,  5. 

Naucoria,  species  of  agaric,  97. 

Nebulae,  178,  427. 

Nervous  impressions,  velocity  of,  386. 

Nerve  cells,  physiology  of,  386. 

Nest  of  Crossbill,  350. 
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New  facts  in  botanical  geography,  358. 
New  saw  for  stone,  72. 

New  star,  Mr.  Huggins’  investigations, 
382. 

Newt,  development  of  the  ovum,  192. 
Newton  stone,  107,  303. 

Nitella  translucens,  structure  and  cir¬ 
culation,  352. 

Nitro-glycerine,  dangers  attending  the 
use  of,  145. 

Nitro-glycerine,  its  perils  and  its  pro¬ 
bable  uses,  461. 

North-western  woodpeckers,  321. 

Notes  on  common  Indian  birds,  102. 
Notes  on  the  comparative  geology  of 
the  earth  and  moon,  135. 

Notes  on  fungi,  93. 

Notes  on  a  winter  visit  to  Mount  Etna, 
125,  268. 

Objects  recorded  as  nebulae,  but  now 
suspected  to  have  been  comets,  64. 
Occultations,  64,  181,  267. 

Odoriferous  principles  of  flowers,  mode 
of  obtaining,  231. 

Oil  of  eucalypti,  245. 

Opaque  illumination,  160. 

Optical  instrument,  new,  the  iridoscope, 
314. 

Orionis  and  Sirius,  spectra  of  a,  318. 
Orion  nebula,  158,  177. 

Osoyoos  lakes,  rat  burrows,  166. 
Osseous  system  of  the  haematocrya,  37. 
Ostracoda  of  Connemara,  339. 

Out  west,  153. 

Ovum,  development  of  the  common 
newt,  192. 

Owen  on  the  vertebrates,  33. 

Pjedevia  foetida,  the  fever  plant,  7 9. 
Pancreatic  juice,  chemical  action  of, 
318. 

Parasitical  plants,  360. 

Parasitical  plant  on  an  Adesmia,  359. 
Paraffin  for  preserving  animal  sub¬ 
stances,  398. 

Partial  transparency  of  dark  ring,  373. 
Peat  mosses  of  Slesvig,  474. 
Pelargonium  in  the  east,  359. 

Peltocaris  aptyehoides,  477. 

Pentagonal  star  maps,  207. 

Perihelion  distances  of  comets,  66. 
Perseus,  second  cluster  in,  176. 
Petroleum,  68. 

Pholiota,  species  of  agaric,  94. 
Phosphate  of  lime,  gelatinous,  314. 
Photometry,  238. 

Photography  of  archaeological  objects, 
302. 

Photography,  colours  produced  by,  70. 
Photographic  rest,  159. 


Photographs  unalterable,  72,  233. 
Photo-micrographs,  by  Brevet-Captain 
Edward  Curtis,  419. 

Physical  forces,  217. 

Physical  geography  of  the  sea,  436. 
Picus,  species  of,  in  Columbia,  325. 
Pied  starling  of  India,  103. 

Pilostyles,  a  new  genus  of  parasitic 
plants,  359. 

Pinus  ponderosa,  322. 

Pine  grosbeak,  345. 

Piscicultural  establishments,  85,  209. 
Pit-dwellings,  470. 

Planet,  new,  80. 

Planet  Saturn,  247,  366,  466. 

Platinum,  substitute  for,  in  stills,  232. 
Pleasant  ways  in  science,  217. 
Polarizing  prisms,  158. 

Popular  astronomy,  421. 

Porphyry  in  Cornwall,  114. 

Powell  and  Lealand’s  new  binocular, 
225. 

Pre-historic  man  in  France,  123. 
Preservation  of  wood,  233. 

Primeval  interments  in  Caithness,  304. 
Proboscis  of  moths  and  butterflies,  41. 
Proceedings  of  Learned  Societies,  77, 
154,  236,  308,  395,  477. 

Proceedings  of  the  Nova  Scotia  Insti¬ 
tute  of  Natural  Science  at  Halifax, 
Nova  Scotia,  154. 

Products  of  the  genus  eucalyptus,  241. 
Progress  of  Invention,  68,  144,  229, 
311,  396. 

Projections  of  the  sphere  illustrated, 
205. 

Proper  motion  of  nebulous  bodies,  179. 
Protection  of  iron,  149. 

Protocarcinus  lpngipes,  477. 
Protoplasm  of  nitella,  355. 
Pterodaetyles,  Seeley  on,  399. 

Puddling  by  hand,  187. 

Pulse,  how  transmitted  through  the 
nerves,  387. 

Quekett  Microscopical  Club,  395. 

Rain  and  rivers,  476. 

Rambles  in  Cornwall  for  minerals  and 
ferns,  111. 

Rats,  musk  and  mud,  161. 

Rat-rush,  the,  169. 

Red  shafted  flicker,  330. 

Red  wine,  colour  of,  316. 

Registration  of  Coins,  445. 
Regenerative  furnace,  408. 

Reflective  atmosphere  of  Saturn,  255. 
Refraction,  new  application  of,  398. 
Reflective  power  of  Saturn,  257,  366. 
Reflecting  Telescope,  276. 

Reliquke  Aquitanicse,  306. 
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Beptilian  generation,  193. 

Bing  system  of  Saturn,  256. 

Eisca  explosion,  2. 

Eocking  stones  in  Cornwall,  114. 
Bocks,  Cotta  on,  448. 

Boman  coins,  Caesar’s  camp,  393. 
Boman  gridiron,  394. 

Boman  inscribed  sepulchral  monu¬ 
ment,  473. 

Boots  of  ISitella,  357. 

Botation  of  Saturn,  256. 

Botating  object  holder,  318. 
Boundstone  Bay,  Connemara,  335. 
Boyal  Geographical  Society,  78,  156, 
238. 

Boyal  Institution,  78. 

Boyal  Society,  395. 

Bush-rat,  16*9. 

Safety-lamp,  6. 

Salmon,  artificial  breeding  of,  85,  209. 
Saturn,  466. 

Saw  for  stone,  new,  72. 

Scansorial  birds,  321. 

Schultze’s  artificial  Diatoms,  442. 
Scientific  discovery,  application  of,  to 
the  useful  arts,  407. 

Scientific  Societies,  77,  154. 

Sea-side  studies  in  natural  history,  149. 
Second  cluster  in  Perseus,  176. 
Self-acting  fog  warning  for  the  coast,  361. 
Sensations  of  animals,  38. 

Separating  silver  from  lead,  313. 
Separating  cobalt  from  nickel,  146. 
Serpents,  their  organization,  37. 
Serpentine  Quarry,  336. 

Silica,  442. 

Silurian  rocks  of  Connemara,  336. 
Silver,  to  separate  from  lead,  312. 
Silver  vein  mine  of  Cornwall,  116. 
Simblum,  fungi,  404. 

Smai,  geology  of,  477. 

Siren,  physiology  of,  197. 

Size  of  star  discs,  159. 

Skull  of  musk  rat,  163. 

Smithsonian  institution,  299. 

Smoke,  consumption  of,  73. 

Smoke,  prevention  of,  412. 

Soda,  mode  of  obtaining  from  common 
salt,  396. 

Solar  light,  424. 

Solvents  for  gold,  315. 

Sounding  at  sea,  application  of  elec¬ 
tricity,  146. 

Sparrows  of  India,  102. 

Spectra  of  Comet  I.,  1866,  79. 

Spectra  of  a  Orionis  and  Sirius,  318. 
Spectrum  of  Tempel’s  comet,  157. 
Spontaneous  generat  ion  experiments,  80. 
Spores  of  horse-tails,  478 
Spots  on  Saturn,  254. 


Stained  glass  (ancient),  148. 

Star  maps,  204.  „ 

Star,  new,  in  Coronae,  479. 

Steam  without  a  boiler,  69. 

Steel  obtained  from  crude  iron,  189. 
Stellar  life  and  formation,  385. 

Stone  Hammers  of  the  ancient  Ameri¬ 
cans,  239. 

Stonehenge,  great  trilithon,  143. 
Stratified  discharges  in  vacuum  tubes, 
81. 

Structure  and  circulation  of  nitella 
translucens,  352. 

Subdivisions  and  variations  of  Saturn, 
367. 

Subdivisions  and  variation  of  Saturn’s 
dark  ring,  373. 

Sulphuric  acid,  simple  mode  of  manu¬ 
facturing,  147. 

|  Sun  granules,  478. 

Sun’s  rotation,  423. 

Sun  spots,  159,  423. 

Supplementary  eyes  in  a  fish,  158. 

Tadpole  of  the  newt,  195. 

Tallow,  composition  of,  400. 

Tanning  by  means  of  sulphate  of  Iron, 
148. 

Tannin,  new  application  of,  232. 

Teeth  of  the  cold  blooded  vertebrata,  38. 
Teeth  of  musk  rats,  162. 

Telegraphy,  marine,  17. 

Temperature,  effect  of,  on  electro  motive 
force,  73. 

Temperature  and  crystallization,  320. 
Temperature  and  nervous  force,  390. 
Terrestrial  compared  with  Lunar  cra¬ 
ters,  137. 

Test  for  cane  and  grape  sugar,  69. 
Theine,  new  application  of,  313. 

Thor’s  cave,  471. 

Tide  shriek  described,  362. 

Timbers,  Australian,  242. 
Transformation  of  motion  into  heat,  315. 
Trichodina  pediculus,  480. 

Trichina  spiralis,  158. 

Triton  cristatus,  192. 

Truffles  and  Morels,  28. 

Tuber  magnatum,  Italian  truffle,  30. 
Tumuli  near  Malton,  73. 

Unalterable  photographs,  72. 
Uraster  glacialis,  341. 

Urea,  produced  by  muscular  activity, 
456. 

Vacttttm  tubes,  83. 

Yallisneria,  circulation  of  sap,  354. 
Variable  stellar  light,  266. 

Velocities  of  electricity,  light,  sound, 
etc.,  389. 
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Velocity  of  nervous  impressions,  386. 
Ventilation,  new  principle,  71. 
Vertebrates,  Owen  on  the,  33. 
Vertebrate  types  of  fishes,  reptiles,  33. 
Violet  subchloride  of  silver1,  233. 

Vocal  powers  of  fish,  399. 

Warm  winters,  160. 

Water-pressure  as  a  motive  power,  185. 
Water,  does  it  exist  on  the  moon?  138. 
Waxwing,  345. 

Wedge-shaped  valley  of  the  Alps : 
lunar  curiosity,  61. 


Wenham’s  new  binocular,  282. 
White-spored  Agarics,  94. 

Winter  visit  to  Mount  Etna,  125,  268. 
Wood  of  Eucalypti,  246. 

Woodpeckers,  north-western,  321. 
Woodwardite,  240. 

Worms  and  Staphylinidse,  399. 

Yellow  light  applied  to  the  production 
of  daugerreotype  pictures,  229. 

Zoological  Society,  77,  238,  310, 
477. 
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